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Universities came into existence in Europe in the twelfth century, 
thereafter multiplying and gradually spreading to much of the rest of the 
world. Over the centuries, their appropriate pursuits and obligations have 
been the subject of continuous, sometimes acrimonious, debate. 
In the United States, excellence of colleges and universities as "centers of 
learning" traditionally has implied excellence in teaching. Indeed, in the 
public eye, teaching at the undergraduate level remains the fundamental 
reason for their existence, i.e., a university is a place where Mrs. Smith's 
adolescent Johnnie can go (not always enthusiastically) to get his necessary 
education. In contrast, however, university faculty and administrators 
commonly identify the "great" universities as those that are oustanding 
technological institutions or which contribute importantly to the creative 
arts; their faculty are gifted men and women who make new discoveries, 
advance the cause of science, write books, are called upon to consult with 
industry, and who advise congressional committees. In the current competition 
for national and international reputation, research and development thus are 
commonly more institutionally prestigious than teaching. Little Johnnie Smith 
is a sideline. 
In a certain way, this is not only understandable but inevitable. We do not 
know of Harvard, the University of California at Berkeley, or the Massachusetts 
Institute of Technology because they may have an outstanding philosophy 
curriculum, or because one or the other possibly presents an innovative 
biology course for non-majors. Their repute, rather, derives from the fact that, 
in Biology, for example, the luminescence of Ernst Mayr at Harvard and 
Melvin Calvin at Berkeley and others in this field glows across the country. 
And likewise in other disciplines. On the other hand, the merit of an 
outstanding teacher is commonly anonymous except locally. There are 
possibly hundreds of great sixth grade teachers. Who can name them? 
Institutionally, the worth of teaching probably receives the most public 
recognition in private colleges such as Reed, Oberlin, and Carlton. 
I suppose the superior glamour of scholarship vs. teaching is as it should 
or must be. The major universities are the fount not only of the heritage of the 
past but also that of the future. But, carrying the torch of this double role, 
universities have now combined (1) the traditional supposition that research 
and teaching are mutually supportive, and (2) the requirement that al.I 
professors worthy of such title should be notable if not mighty figures in both 
research and teaching. 
One hesitates to challenge the first named because, over the years, it has 
assumed the status of an unquestioned truism. And, indeed, there is a 
positive relationship between teaching and research. The teacher needs 
sufficient research experience and expressed enthusiasm to kindle excitement 
about the quest for the unknown and realistically to provide a basis for 
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discerning the difference between sense and nonsense. "Do we really know 
that this is so?" And, conversely, the researcher should contribute to teaching 
as a means of extending beyond the myopia of the usual subdisciplinary 
research speciality. 
Sadly, otherwise, I find the alleged symbiotic relationship of these two 
activities mostly bunk Time and life are finite. Time used to pay Paul robs 
Peter. Both teaching and research suffer because of the effort devoted to the 
other. The researcher needs to get back into the laboratory or library rather 
than updating lectures for beginning Biology, Micro-Economics, etc. Johnnie 
Smith, except as a name on a class role, does not exist. 
On the other hand, the individual whose soul is in teaching will find but 
insufficient opportunity to bring scholarly effort to fruition , and it often 
dwindles to parochial puttering. 
But the number of hours in the day, and often the night as well, are not 
the only consideration; there is also that of native habilitation. The aptitudes 
and talents for teaching and research are sufficiently different that many 
(perhaps most) professors do not possess both. The lectures even of some of 
the most powerful minds commonly induce only mental constipation in their 
victims. Sadly, too many professors regard it as demeaning to be exposed to 
undergraduate students, whose tutelage then is left to the graduate assistants. 
On the other hand, there are many teachers, essentially unknown professionally 
in their fields, who are the one the students never forget. Commonly they are 
individualists whose primary interest is in the development of young people. 
Perhaps their professional attainments and sophistication, as defined by 
purists, may resemble those of somebody's pink rabbit. But beyond the 
disciplinary subject matter their expertise is preparation-for-life directed to 
those of the generation that soon will succeed the present incumbents. These 
professors often are colorful, of warm personality, articulate and persuasive 
in lecture, and who usually have time for their wards as counselors on 
matters academic or otherwise. They are the ones who will find Johnnie 
Smith. 
Seemingly we need variety in the molds from which we choose our 
professors. Here is the clinker. Initial employment criteria, at least in the 
"important," institutions, emphasize demonstrated research potential; teaching 
experience or qualifications receive but secondary, if any, consideration. 
Professional success (meaning continued employment and tenure) depends 
especially on continued research productivity. Oh yes , the assistant professor 
must also teach, the pertinent skills presumably developing through 
ectoplasmic contact. And indeed, some become excellent teachers. 
The great researchers are the home run hitters. One could structure a 
baseball team by opting for sluggers who hit home runs and bat .380 
regardless of whether they can run or catch a fly ball. It would probably be a 
poor team. Pitchers, catchers, and good outfielders are also necessary for 
winning. 
Perhaps the topic of this essay is epitomized in a verbal cartoon I wrote a 
couple of years ago as an entry in an internal weekly column at Iowa State 
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University. The choice of the department named is purely random; it could 
have been botany, political science or chemistry. 
*** **** *** 
It's the faculty club again, January 15, 5:30 p.m. Dr. Adolphus Gunar 
Longshanks, Dean of the College of Inhumanity, and Distinguished Professor 
Beethoven Z. Grate, of the Department of Music, are seeking liquid 
refreshment before heading for home, hearth, and basketball TV. Longshanks, 
near retirement, droops. Grate, midcareer, is short, rotund, intense with 
searchlight glasses, and world acclaimed, his Opus of 32 Divertimento a 
volonte for saxaphone, bass tuba, and zither having been performed in ten 
countries. 
Longshanks: (Doodling an olive, reflectively) They call me an educator. 
Maybe I was once, when I taught mathematics. I now 
know students only as the mass clutter of moving animals 
in the hall through which I must make a precarious 
pathway. I no longer know the square root of four. 
Instead, I am a wailing wall for budgets, promotions or 
not, and a peacemaker among belligerents like you. 
Grate: Aw, come off it, Ad. I'm not your priest. We've got to be 
belligerent. Were we molly-coddles, chemistry would 
outlaw our department, and by god, if I could outlaw 
chemistry, I would do so. You've just got the mid-January 
droops after receiving the college promotion recom-
mendations. 
Longshanks: Yeah, I know. And I don't like some of them. From your 
department, for example. 
Grate: Name them, pal. 
Longshanks: Well, Tangle-Kranium, for example. You're putting him up 
for full professor . You 've had to practicall y 
remove him from teaching because he can't tolerate 
undergraduates except for some of the females. The 
Office of Student Affairs has managed t o keep his 
improprieties hushed thus far , but I sit in fear that some 
press hawk will eventually get a leak. I think you told me 
once he can hardly play any kind of an instrument. He's 
above serving on any committees. He has the manners of 
a rabid grizzly bear. Good god, man, surely at least our 
mature professors should be decent human beings. 
Grate: Babble, old boy. You're living in the past. Sure he's got his 
pimples. We all do. But that man is known internationally. 
He, as well as yours truly, puts us on the map. He has 
written a whole series of penetrating papers on the sex 
life of Tchaikovsky, billiant even. And he has composed an 
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opus of Escapades allegro in a new 21 tone scale. The 
pianist dressed in a jockstrap lies on top of the piano and 
reaches down to the keyboard to play. Astounding 
originality! I think he's a candidate for Distinguished 
Professor in a couple of years. 
Longshanks: Ugh! And what if the performer is a female? 
Grate: The same, dear fellow. Tangle-Kranium is not sexist in 
these matters. 
Longshanks: (Wearily) OK, turn it the other direction. What about C. P. 
Smythe to whom you've denied tenure? He has a joint 
appointment with the College of Education to coordinate 
high school music teaching. I have a memo about him. 
They just praise the bjesus out of him, and I talked to 
some of the high school teachers who say the same. Also 
he has more piano students than anyone in your depart-
ment and does a mighty good job at the keyboard himself. 
I've gone to a couple of his concerts. 
Grate: Piffle , piffle , and piffle. What has he done for the 
department? We have to pander somewhat to these rural 
music babysitters, but we don't have to accept their views 
or that of the so-called College of Education. Plays the 
piano well? So do ten thousand other young pianists just 
out of music school. They're a dime a dozen. Teaches a lot 
of students? Well, somebody has to do it. We want 
someone who can put up with some necessary shop work 
but most importantly, accomplish something real. Smythe 
ain't the man! 
Longshanks: Yes, indeed. I see. My retirement is only a year off. 
D. I. 
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CONTRIBUTION OF BREEDING TO MAIZE IMPROVEMENT 
IN THE UNITED STATES, 1920s-1980s1 
W. A. Russell2 
ABSTRACT. The pure-line method of maize breeding, which has been the basic 
breeding procedure for more than 60 years, was outlined by G. -H. Shull from his 
research in the early 1900s. Many U. S. agricultural experiment station maize 
breeding programs to develop and evaluate inbred lines for use as parents in 
double-cross hybrids were begun 1915 to 1920, but it was not until the mid 1930s 
that general farm use of hybrids began. Maize yields in the USA have continued to 
increase since 1935, but with considerably more year-to-year variability since 1970 
than previously. Estimates from experiments designed to determine genetic gains 
in grain yield because of cultivar improvement up to 1980 vary from 42 to 89% of 
the total farm gain in Iowa. A primary factor in the genetic gain is the increased 
potential of improved cultivars to take advantage of higher plant densities and 
fertility levels to produce more grain per unit area. Substantial improvements 
have also been made for plant health, resistance to lodging, resistance to 
barrenness, and resistance to plant pests. Inbred lines have been improved for 
seed yield, which has been an important factor in the feasibility for commercial 
use of single-cross hybrids. Grain yields of maize may be expected to increase 
because of further improvements in cultural practices and management and 
increased genetic potential of the hybrids. 
Index descriptors: Zea mays, corn, genetic gains, plant densities. 
INTRODUCTION 
The grain yield increase for maize, Zea mays L., in the United 
States occurred in the last 50 years, which has been the period of 
hybrid maize production. Nonetheless, it was during the first three 
decades of the twentieth century that the basis for hybrid maize 
breeding was developed. We frequently consider that maize breeding 
began in the early 1900s with the work of East (1908) and Shull 
(1908), but a primitive type of breeding had been in progress for 
thousands of years. That pre-twentieth century breeding was important 
because it gave rise to the open-pollinated varieties from which were 
developed the parental inbred lines of the first double-cross hybrids. 
1Joint contribution: ARS, USDA, and Journal Paper No. J-11732 of the Iowa 
Agriculture and Home Economics Experiment Station, Ames, IA 50011; Project 
No. 2194. 
2C. F. Curtiss Distinguished Professor of Agriculture, Iowa State University, Ames, 
IA 50011. 
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These open-pollinated varieties, such as "Reid Yellow Dent" and 
"Lancaster Sure Crop", were developed in the 1800s from crosses of 
the northeastern flints and the southern dents. Although maize 
germplasm from other countries has been used in the development of 
some U.S. corn belt parental inbred lines, exotic germplasm has had a 
relatively insignificant role in corn belt breeding programs (Brown, 
1975; Goodman, 1985). 
Most breeding research with maize has been done this century. 
Research with maize inbred lines and hybrids was described in detail 
by Shull (1908, 1909, 1910), and many of the earlier studies have been 
reviewed by Hayes (1963). Shull's work evolved the pure-line method 
of maize breeding, which is still the basic maize breeding procedure in 
the USA and many other parts of the world. Jones' suggestion for the 
commercial use of double-cross hybrids (1918, 1919) was a major 
contribution toward the adoption of hybrid maize in the USA (Hayes, 
1963). 
Many U. S. agricultural experiment station programs for the 
development and evaluation of inbred lines were begun between 1915 
and 1920. Crabb ( 194 7) wrote about early hybrid maize breeders and 
their programs. Th e program in Iowa was initiated cooperatively in 
1922 by the U. S. Department of Agriculture and the Iowa Agriculture 
Experiment Station, and this program has continued as a cooperative 
research project to the present. The first demonstration plots of Iowa 
experiment station double-cross hybrids were established about 1932. 
By 1935, approximately 10% of the Iowa maize area was planted to 
hybrid seed. The use of hybrid maize increased rapidly after 1935 
(Fig. 1 ), and, by 1943, essentially 100% of the maize grown in Iowa was 
hybrid. Also at this time, hybrid maize was seeded to 90% of the maize 
area in the U. S. Corn Belt but to only 60% of the maize area for the 
entire USA. 
Between 1875 and 1935 maize grain yields had remained static in 
the USA because cultural practices changed very little, and no 
improvements were made for cultivar yields. Before the advent of 
hybrid maize breeding programs and into the 1920s, experiment 
stations and private seedsmen had mass selection and ear-to-row 
breeding programs in open-pollinated varieties. Selection caused 
phenotypic changes for plant and ear traits, which probably were of 
value in inbred development programs that used these varietal 
sources. Grain yield was not increased and, in fact, may have been 
decreased because of close selection for uniformity of plant and ear 
traits and restrictions in sample sizes that probably caused some 
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Figure 1. Percent of maize planted with hybrid seed in Iowa, U.S. corn belt, and the USA for 1930 to 1960. 
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most farmers continued to grow open-pollinated varieties partly 
because of the dominating influence of corn shows into the 1930s. 
Average maize yields in the USA for 1930 to 1985 are shown in 
Figure 2. The yield increase that started after 1935 was coincident 
with the use of hybrids as shown in Figure 1. The continued yield 
increase beyond the 1940s, when much of the production was from 
hybrids, occurred because of the combined effects of improvements in 
cultural practices and introduction of better hybrids. The yield trend 
shows evidence of an increased rate of gain beginning about 1960 
when single crosses started to replace double crosses. Also, 1960 to 
1970 was a period for rapid increase in use of nitrogen fertilizer 
(Thompson, 1982). Although the predicted trend shows no evidence 
of a plateau effect, it is obvious that the variability among years for 
mean yields has increased since 1970. Thompson (1975), by using a 
regression equation derived from maize yield and weather data in 
Illinois, predicted yields in that state would level off at 75 q ha-1 by 
1985. 
Estimates of 25 to 35% were frequently quoted for the yield 
improvements of the first hybrids over open-pollinated varieties. Frey 
(1971) presented data, based on the Iowa State Corn Yield Tests, that 
gave the initial increase at 7 to 11% during 1926 to 1932, and this 
increased to 18% in 1943 when 100% of the Iowa maize was hybrid. By 
using a system of comparisons through check hybrids, he showed that 
the advantage had increased to 56% by 1968. He further showed that 
greater lodging resistance was an important change during 1950 to 
1969 because less lodging meant less harvest loss. 
Genetic Gains in Grain Yield 
The first experimental evidence for the contribution of breeding 
to maize yield increases since the introduction of maize hybrids was 
reported by Russell (1974). He evaluated five groups of experiment 
station hybrids, four hybrids per group, that represented approx-
imately 10-year "eras" from 1930 to 1970 and one open-pollinated 
variety (O.P.) at four central Iowa locations during 1971 to 1973. All 
hybrids were of agricultural experiment station lines that had been 
released to the seed industry for use in seed production. He used 
three plant densities: (a) 29,700 plants ha-1, a typical farm density to 
the early 1950s; (b) 44,500 plants ha-1, an average harvest density for 
the early 1970s; and ( c) 59,300 plants ha-1, a density for higher level 















U.S. Maize Yields, 1930-1985 
• 











Figure 2. Observed and predicted maize yields in the USA for 1930 to 1985. 
10 RUSSELL 
Table 1. Mean yields and linear and quadratic regression coefficients 
for six eras of maize cultivars evaluated at three plant 
densities, data summarized for four locations in 1971 and 




Group 29700 (1) 44500 (2) 59300 (3) mean b,e bq 
q ha-1 
O.P. 51.5 54.8 46.6 51.0 -2.45 -1.92 
1930 57.8 55.8 48.4 54.0 -4.70 -0.90 
1940 65.0 65.8 60.2 63.6 -2.40 -1.07 
1950 63.0 67.5 60.3 63.6 -1.35 -1.95 
1960 66.9 73.1 69.1 69.7 1.10 -1.70 
1970 72.2 83.7 80.6 78.8 4.20 -2.43 
L.S.D. (0.05Y 6.4 6.4 6.4 3.7 
aL.S.D.'s not applicable to comparisons for O.P. 
bRegression coefficients calculated by using orthogonal polynomial coefficients 
(Steel and Torrie, 1980); S.E. (bp) = 0.61 , (bq) = 0.26. 
Yield data averaged for 11 environments for groups of hybrids 
and the O.P. at each plant density are shown in Table 1. Comparing 
yields at optimum densities, the 1930 group yielded only 5% more 
than the O.P., which was much less than 25 to 35% frequently quoted 
in earlier years. There seemed a plateau effect with the 1940 and 1950 
groups; however, the 1960 hybrids yielded significantly higher than 
the 1950 group, and there were further significant increases for the 
1970 group. 
Because the O.P. and hybrid groups did not have similar yield 
responses across plant densities (Table 1 ) , it seems the most legitimate 
comparisons would be the yield at the optimum density for each 
group, and the two best hybrids per group were used. A continuous 
yield gain across the era groups is shown in Figure 3. The yield gain 
from the O.P. to the 1970 single-cross hybrids was 55.1 %. The yield 
increase by Iowa farmers for 1922 to 1970, which represents the 
breeding and evaluation period ( 49 years) for the materials used, was 
0.78 q ha-1yr-1, or a total gain of 38.2 q ha-1. Considering all 
environments, the best two hybrids per group, and the optimum 
densities, the 1970 group yielded 30.2 q ha-1 more than the O.P. 
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Cultivar Era 
Figure 3. Observed yield at optimum density for the O.P. and hybrids of each 
10-year era, 1930 to 1970, and predicted linear response based on t he 
observed yield of the two best hybrids in each double-cross group; 
Y = 70.2 + 2.68X1. 
Consequently, 79% of the advance by Iowa farmers can be attribut ed 
t o t he genetic improvement of the hybrids. The combined effects of 
improved cultural practices and better hybrids are inseparable in 
these expe riments. The hybrids have given increased yields because of 
their continued increase in genetic potential to take advantage of 
improved cultural practices. 
A second study at Iowa State University (Russell, 1984) produced 
further information on the contribution of maize breeding. Most 
parental inbred lines, which were all of agricultural experiment 
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Table 2. Mean yields and linear and {}uadratic regression coefficients 
for seven eras of maize cultivars evaluated at three plant 





Era 31100 (1) 47800 (2) 64500 (3) mean bp bq 
q ha-1 
O.P. 63.4 59.9 57.6 60.3 -2.90 0.20 
1930 81.1 82.7 79.2 81.0 -0.95 -0.85 
1940 78.0 77.7 72.6 76.1 -2.70 -0.80 
1950 76.0 75.4 72.7 74.7 -1.65 -0.35 
1960 83.1 90.5 91.1 88.2 4.00 -1.13 
1970 83.9 96.6 100.5 93.7 8.30 -1.47 
1980 89.3 99.4 105.5 98.1 8.10 -0.67 
L.S.D. (0.05) 6.5 6.5 6.5 3.2 
aRegression coefficients calculated by using orthogonal polynomial coefficients 
(Steel and Torrie, 1980); S.E. (bp) = 0. 7 4, (bq) = 0.43. 
station origin, were of later maturity than used by Russell (1974), and 
only two had been used in the previous study. The study used an O.P. 
group and six hybrid groups, four cultivars per group, that 
represented six 10-year eras from 1930 to 1980. The materials were 
evaluated at four locations in 1981-82 with three plant densities: 
31,100 plants ha-1, 47,800 plants ha-1, and 64,500 plants ha-1. All plots 
were hand-harvested; thus, there were no harvest losses. 
Group yields in each plant density, combined over all envi-
ronments, indicate the average trends for each 10-year period 
(Table 2). A plateau effect is evident for the 1940 and 1950 crosses, 
which concerned maize breeders in those years. Considering group 
yields at optimum densities, the 1930 crosses at Density 2 yielded 19.3 
q ha-1 (30.4%) more than O.P. at Density 1. The 1980 crosses at Density 
3 yielded 42.1 q ha-1 (66.4%) more than O.P. at Density 1 and 22.8 
q ha -l (27.6%) more than the 1930 group at Density 2. With the 
exception of the 1930 and 1950 groups, the yield increases over eras, 
using the yield at the optimum density for each era, have a close fit to 
a linear response with b = 6.25 q ha-1era-1 (Fig. 4 ). Maize yields in 
Iowa increased 53.4 q ha_{ during 1922 to 1980; thus, the total genetic 
gain was 42.1 q ha-1 (Table 2), or 79% of the total yield gain. 














O.P. 1930 1940 1950 1960 1970 1980 
Cultivar Era 
Figure 4. Obs erve d yield at optimum density for O.P . and hybri ds of 
ea ch 10-year era, 1930 to 1980, and predicted lin ear resp onse; 
Y = 85.31 + 6.25X1. 
Duvick ( 1977) published results for two similar experiments 
co n ducted in central Iowa but with mostly different parental 
materials. Based on yield data. from Pioneer Hi-Bred maize trials in 
Iowa during 1935 to 1975, he calculated a rate of gain of 0.88 q ha-1yr·1, 
which included the effects of_ genotype, cultural conditions, and 
weather. His genetic gains in the two experiments were 0.50 and 0.53 
q ha-1yr·1, which are 57 and 60% of the total yield gain. Much addi-
tional data were presented (Duvick, 1984) from two sets of experiments 
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conducted in Iowa during 1978 to 1980 and 1977 to 1979. For 
Experiment 1, he estimated that the genetic gain for a 50-year 
breeding period was 0.92 q ha-1yr·1 (89% of the total yield gain) and for 
Experiment 2, 0. 73 q ha-1yr·1 (71 % of the total gain). In all 
experiments, much of the gain could be attributed to the increased 
genetic potential for the newer materials to take advantage of higher 
plant densities to produce more grain per unit area. 
Tapper (1983) conducted a detailed study for yield, agronomic 
traits, and physiologic traits of four single crosses per 10-year era for 
1930 to 1970. Several of the parental lines were the same as used by 
Russell (1974). The total gain for grain yield, based on optimum plant 
densities, was 28.4 q ha·1 ( 41.6%) for the 1970 crosses over the 1930 
crosses. Because of the much improved lodging resistance for the 
1970 crosses, the gain for machine-harvestable yield was even greater 
at 36.4 q ha·1 (67.2%). In a similar comparison for machine-harvestable 
yield, Russell (1974) had a yield gain of 28.6 q ha·1 (48.1%). Tapper's 
(1983) data for total grain yield showed a pronounced plateau for the 
1940 to 1960 hybrids, but for the machine-harvestable yields, there 
was no plateau. 
Further studies on the genetic yield improvement of U. S. maize 
cultivars were presented by Castleberry et al. (1984). Some of their 
parental materials would be similar to those used in previous studies 
(Russell, 1974, 1984; Duvick, 1977, 1984; Tapper, 1983), but most 
probably were different. As an average over 11 location-year 
environments, which included fertility tFeatments in two environments 
and irrigation treatments in two environments, they showed a genetic 
improvement of 0.82 q ha-1yr·1. They estimated that this genetic gain 
was 75% of the increase for average U. S. maize yields since 1930. 
Estimates of genetic gains are summarized in Table 3. (These data 
were taken from Tables 2-6 by Duvick, 1984, with several additions.) 
All estimates, except those by Frey and Darrah, were obtained in 
experiments conducted purposely to obtain data to assess genetic 
gains. Darrah's estimates were obtained by using data from the Iowa 
State Corn Yield Tests. The estimates of genetic gain, compared with 
O.P. , range from 56 to 89% for the planned experiments; some may be 
considered actual genetic gains, whereas others probably are biased 
because of certain procedures. For example, the estimates from 
machine-harvested plots (see footnotes , Table 3) are likely biased in 
favor of the newer hybrids because greater stalk lodging of the older 
hybrids would be expected to have caused greater harvest losses. 
Regardless of what biases may be present in the estimates for genetic 
gain, all estimates show the tremendous contribution that plant 
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Table 3. Summary of 13 estimates of total grain yield gain and the 
genetic total yield gain of maize hybrids. (Adapted from: 
Duvick, D. N. , Genetic contributions of yield gains of five 
major crop plants, CSSA Special Publication No. 7, 1984, 
p. 15-47.t 
Year Time Experiment Total Genetic Genetic 
Author reported span years gain gain gain 
q ha-1yr-1 % 
Frey 1971 1926-1968 1926-1968 56 
Darrah 1973 1930-1970 1930-1970 0.99 0.33 33 
Russell 1974 1930-1970 1971-1973 0.78 0.63 79 
Russellb 1974 1930-1970 1971-1973 0.78 0.49 63 
Duvick 1977 1935-1971 1972-1973 0.88 0.50 57 
Duvick 1977 1935-1972 1972-1973 0.88 0.53 60 
Tapperc 1983 1930-1970 1980-1981 42 
Tapp ere 1983 1930-1970 1980-1981 67 
Castleberry 
et al. 1984 1930-1980 1980-1981 1.10 0.82 75 
Duvick 1984 1930-1980 1978-1980 1.03 0.92 89 
Duvick 1984 1930-1980 1977-1979 1.03 0.73 71 
Russell 1984 1930-1980 1981-1982 0.90 0.71 79 
Russellb 1984 1930-1980 1981-1982 0.90 0.50 56 
8 Gains calculated basis U. S. maize yields by Castleberry et al.; basis Iowa state 
yields for all other estimates. 
bAdjustments made to estimated gains because of difference between experiment 
and Iowa state average yields. 
cGains calculated relative to 1930-era hybrids ; first estimate-total yields, 
second estimate-machine harvest yields. 
breeding has made to the total maize yield gain in the USA during the 
50 years that hybrid cultivars have been used. 
Genetic Gain: Stress Versus Non-stress Environments 
Yield levels among environments for the experiments reported by 
Russell ( 197 4, 1984) varied widely, primarily because of soil moisture 
effects. For the first evaluations (Russell, 1974), the yield range, 
averaged over all densities and cultivars, was from 48.0 q ha-1 in the 
lowest-yielding environment to 84.8 q ha-1 in the highest-yielding 
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environment. Considering only the two highest-yielding environments 
and the optimum density for each era, the 1970 hybrids yielded 35.4% 
higher than the 1930 hybrids. A similar comparison in the three 
lowest-yielding environments showed that the 1970 hybrids yielded 
77.9% more than the 1930 hybrids. 
For the second evaluations (Russell, 1984), the yield range, 
averaged over all densities and cultivars, was from 64.0 q ha-1 in the 
lowest-yielding environment to 92. 7 q ha-1 in the highest-yielding 
environment. When the environments were divided into two groups 
on the basis of average yields and comparisons were made on the 
basis of the optimum density for each era group, the 1980 hybrids 
relative to O.P. had a yield gain of 62.0% in the high environments and 
69.9% in the low environments. 
The stability analysis (Eberhart and Russell, 1966) can be used 
for the data presented by Russell (1984) to compare among the seven 
cultivar groups for yield response to the environment yield level (Fig. 5). 
There are eight indexes ( 4 locations x 2 years) , and each index is the 
average over 28 cultivars and 3 plant densities. For each era, the yield 
data for the optimum density were used. The 1970 and 1980 hybrids 
had superior yields in all environments, which included two drought-
stress locations and two high-yielding environments. Both groups 
have b-values less than 1.0, whereas the 1930 and 1960 hybrids have 
b-values greater than 1.0. This indicates that the relative superiority 
of the more modern hybrids was greater in the low-yielding (stress) 
environments than in the high-yielding (nonstress) environments. The 
1940 and 1950 hybrids and the O.P. also have low b-values, but at 
much lower average yield levels than the 1970 and 1980 hybrids. 
Consequently, there seems to be no distinct relationship between 
response and era of the hybrids. More likely, the responses are specific 
for the genotypes. For example, 1930 era hybrids had two parental 
lines that contributed prolificacy, that was strongly expressed in the 
high-yielding environments. 
Duvick (1984) showed substantial differences between older and 
newer hybrids in their abilities to yield in environments of varying 
production levels. Hybrids of the 1969-78 subset had a linear response 
of b = 1.21 q ha-1, whereas the 1930-44 subset had a linear response of 
b = 0.77 q ha-1. Similarly, Castleberry et al. (1984) obtained linear 
response of b = 1.20 q ha-1 for 1980 hybrids and b = 0.82 q ha-1 for 
1940 hybrids. In both studies (Duvick, 1984; Castleberry et al., 1984 ), 
newer hybrids yielded more than older hybrids in low-yielding 
environments, and the yield difference increased from low-yielding to 
high-yielding environments. 
MAIZE IMPROVEMENT 17 
50'-----'-------~----~----~ 
65 75 85 95 
Index 
Figure 5. Yield responses, b, for O.P. and six hybrid groups of 10-year eras, 1930 
year eras, 1930 to 1980, to eight environment indexes (4 locations x 2 years). 
There is a discrepancy for the results of Russell ( 1984) with those 
of. Duvick (1984) and Castleberry et al. (1984) in the relative 
performance of old and new hybrids in stress and nonstress 
environments. Discrepancies might be shared by two causes: (1) 
differences in parental inbred lines of the hybrids compared, but this 
does not seem the only reason because some genetic relationships 
among the hybrids of the three studies seem likely and (2) differences 
in harvest methods may have caused harvest losses to be a factor. 
_Russell's study obtained total yield because all plots were hand-
harvested, whereas the studies of Duvick and Castleberry et al. used 
machine-harvest, which may have had some yield losses in plots that 
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had higher incidence of stalk lodging. Old hybrids would be expected 
to have more stalk lodging than new hybrids, and this would be 
accentuated in the higher plant densities that would likely have 
highest yields in the high-yielding environments. Tapper (1983) found 
that harvest losses were appreciably higher for the older hybrids 
compared with the newer hybrids. 
A further comparison among the decades of cultivars for ability 
to cope with moisture stress was presented by Castleberry et al. 
(1984). In two locations for one year, the cultivars were grown under 
irrigation and dryland. The yield response was 1.23 q ha-1yr·1 under 
irrigation and 0.84 q ha-1yr·1 under dryland (Fig. 6). Not only were the 
modern hybrids able to yield more grain than the older hybrids in 
low-moisture environments, but they also exhibited the genetic 
capacity to increase this yield difference in the high-yielding envi-
ronment, i.e., the 1930 cultivars were limited in their yield potential. 
Responses to Increase in Plant Density and Nitrogen Fertility 
The increase in plant densities used by farmers from the 1930s to 
the 1980s has been an important factor in the increase for grain yield 
in the U. S. Corn Belt. Cardwell ( 1982) calculated that increased plant 
densities were responsible for 21 % of the gain in maize yields by 
Minnesota farmers for the period 1930 to 1979. Russell ( 197 4) found 
that the O.P. and hybrids of the 1930, 1940, and 1950 eras all had 
significant, negative linear responses to plant densities, whereas the 
1960 hybrids had a positive linear response, and the 1970 hybrids had 
a significant, positive linear response (Table 1 ). Even in the two 
highest-yielding environments, the 1930 hybrids had their highest 
average yield at the lowest plant density, whereas the 1970 hybrids 
had their highest average yield at the highest plant density (Fig. 7). 
The yield difference between the two eras was only 4.6% at the lowest 
plant density, but the difference increased to 44.2% at the intermediate 
density and 70.4% at the highest density. For the 1980s' hybrids, 
Russell (1984) obtained a yield increase of 11.3% from a low plant 
density to an intermediate plant density and a further gain of 6.8% for 
the highest density, but the 1940 and 1950 hybrids had their highest 
average yields at the lowest plant density, and yields decreased 
successively for the intermediate and highest plant densities (Table 2). 
Duvick (1977, 1984) and Tapper (1983) also showed that higher plant 
densities were an important factor for newer hybrids to show their 
greatest yield superiority over the older hybrids. In all these 
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Figure 6. Regression analysis of decade group mean yields of maize cult ivars 
grown under fully irrigated and stress conditions at Hastings, Nebraska, 
and Yuma, Colorado, in 1981. (Reproduced from: Castleberry et al. , 
Crop Sci. 24:33-36, 1984.) 
barrenness was evident. For example, in the study by Russell (1984), 
the 1940 hybrids had zero barren plants in Density 1, 9% barren 
plants in Density 2, and 21% barren plants in Density 3; the 1980 
hybrids had 113 ears per 100 plants in Density 1, 1% barren plants in 
Density 2, and 5% barren plants in Density 3 (data not published). 
Increased fertility levels have had a key role in the increase of 
maize yields since about 1950, and the dominant plant nutrient for 
this increase has been nitrogen (N). N fertilizer use in five central corn 
belt states increased from zero in 1945 to about 140 kg ha-1 in 1980 
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Figure 7. Observed yields for two hybrids per group at three plant densities 
averaged for the two highest-yielding environments. Data are for the 
two highest yielding hybrids per group. 
(Thompson, 1982). Cardwell ( 1982) reported that the use of N 
fertilizer in Minnesota increased from 16.8 kg ha·1 in 1950 to 112 kg 
ha·1 in 1979, and this accounted for 4 7% of the yield increase realized 
by Minnesota farmers from 1930 to 1979. With adjustments for 
decreased use of animal and green manures, however, the net effect 
was estimated at 19%. The level of soil fertility has not been used directly 
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as a selection tool in the development and evaluation of maize inbred 
lines. Several studies, however, give information in the improvement 
of maize hybrids for N-use efficiency (i.e., weight of grain produced 
per unit of N supplied) and yield response for N levels. 
Duvick (1984) evaluated four single-cross hybrids representative 
of four decades, 1940 to 1970, at low, intermediate, and high N levels. 
At all N levels, the newer hybrids outyielded the older hybrids, but the 
hybrid x N level interaction was not significant. Thus, in a situation of 
N deficiency, the newer hybrids will outyield the older hybrids. 
Kamprath et al. (1982) evaluated three maize population hybrids at 
three N levels. The population hybrids were "Jarvis" x "Indian Chief', 
Jarvis x Indian Chief after eight cycles of full-sib family selection for 
intrapopulation performance and after eight cycles of reciprocal 
recurrent selection for interpopulation performance. The N levels 
were 56, 168, and 280 kg ha-1. The improved population hybrids 
produced more grain at each N level than did the original population 
hybrid. The greater grain yield was associated with an increase in ear 
number per plant as the N rate increased. Also, the average N-use 
efficiency for the improved hybrids was greater than for the original 
hybrids at all N levels. 
Castleberry et al. (1984) compared cultivars from six decades, 
1930 to 1980, in low- and high-fertility conditions at one location for 
two years. The high-fertility area had received normal fert ilizer 
applications for 20 years, whereas the low fertility area had been in 
continuous maize and unfertilized since 1958. For this study, the high-
fertility area received approximately 200 kg ha-1 N, 90 kg ha-1 P20 s, and 
150 kg ha-1 K20 in both 1980 and 1981; the low-fertility area received 
no fertilizer. The yield response relative to decades of cultivars was 
0.87 q ha-1yr-1 in the high-fertility condition and 0.51 q ha-1yr-1 in the 
low-fertility condition (Fig. 8). The newer hybrids were superior to the 
older cultivars in both fertility levels, and the superiority was great er 
for the high-fertility area than for the low-fertility area. 
Studies have shown that hybrids of the 1970 and 1980 eras h ave 
the genetic potential to take advantage of both increased plant 
densities and N fertility; consequently, it seems that plant densities 
and N fertility would have cumulative effects for yield response. 
Russell (unpublished) evaluated eight single-cross hybrids represent-
ative of the years 1930 to 1980 in three plant densities and four N 
levels for 2 years. The interaction of hybrids x N1 x densities1 was 
highly significant, indicating that the linear responses caused by plant 
densities and N levels were interdependent and that the interdepend-
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Figure 8. Regression analysis of decade group mean yields of maize cultivars 
grown under high and low fertility at Dayton, IA, 1980-81. (Reproduced 
from: Castleberry et al. , Crop Sci. 24:33-36, 1984.) 
two hybrids, Bl4A x Mol 7 ( 1960 er a) and B84 x Mol 7 (1980 era). At 
zero N, both crosses showed a decrease in yield as density was 
increased, but the decrease was considerably greater for Bl4A x 
Mol 7. At the next three N rates, the increases in yield from Density 1 
to Density 2 to Density 3 were greater for B84 x Mol 7 than for Bl4A x 
Mol 7. At each density, Bl4A x Mol 7 had a yield decrease for the N 
increase from 160 to 240 kg N ha·1, whereas B84 x Mol 7 had yield 
increases. The response surface for B84 x Mol 7 is shown in Figure 9. 
Yield decreased from Density 1 to Density 3 at zero N but increased 
for all other N rat es, with the greatest increase being at 240 kg N ha·1. 
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Table 4. Grain yields and linear and quadratic regression coeffi-
cients for two single crosses evaluated at three plant 
densities and four N levels for two years, 1982 and 1983. 
B14 x Mo17 
Plants ha-1 x Regressionsa 
Kg N ha-1 31100 (1) 4 7800 (2) 64500 (3) bf bq 
q ha-1 
0 64.90 53.30 39.60 52.60 -12.65 -0.35 
80 80.90 83.30 83.50 82.60 1.30 -0.37 
160 86.70 95.40 111.50 97.90 12.40 1.23 
240 83.70 94.00 96.50 91.40 6.40 -1.30 
x 79.00 81.50 82.80 1.90 -0.20 
Regressionsa 
bf 3.11 6.71 9.94 6.58 
bq -4.75 -7.85 -14.72 -9.12 
B84 x Mo17 
Plants ha-1 x Regressionsa 
Kg N ha-1 31100 (1) 47800 (2) 64500 (3) bf bq 
q ha-1 
0 66.50 63.80 57.60 62.60 -4.45 -0.58 
80 83.10 95.00 102.00 93.40 9.45 -0.82 
160 85.40 114.70 114.10 104.70 14.35 -4.98 
240 93.10 117.60 121.80 110.80 14.35 -3.38 
x 82.00 97.80 98.90 8.45 -2.45 
Regressionsa 
bf 4.11 9.06 10.24 7.80 
bq -2.22 -7.08 -9.18 -6.18 
aRegression coefficients calculated by using orthogonal polynomial coefficients 
(Steel and Torrie, 1980); 
S.E.: (a) 3.08 for bf and 1.78 for bq for plant densities at each N level and 1.54 for 
bf and 0.89 for bq for plant densities over all N levels. 
(b) 0.97 for bf and 2.18 for bq for N levels at each plant density and 0.56 for 




Figure 9. The response surface for B84 x Mol 7 evaluated in three plant densities 
and four N levels for two years. 
The yield increased for N rates at each plant density, and the yield 
increases became greater as the plant densities increased. 
Changes in Other Agronomic Traits 
Favorable changes for agronomic traits other than yield have 
been an important part of the total improvement for maize cultivars 
through breeding, most notable being plant health and resistance to 
root and stalk lodging. Much improvement in resistance to lodging 
was necessary to permit machine harvest and the use of higher plant 
densities. Russell (1984) found that most of the improvement for 
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resistance to root lodging occurred in the first decade ( 1930-era 
crosses), with little further improvement in subsequent years. Duvick 
(1984) showed that the root lodging resistance improved in one set of 
comparisons continuously from the 1930 decade to the 1980 decade 
and, in a second set of comparisons, from the 1930 decade to the 
1960 decade, with little further improvement for the 1970 d,ecade. 
Russell (1984) noted the improvement for stalk lodging resistance 
from the 1930 hybrids to the 1970 hybrids. He reported substantial 
improvement for stalk lodging resistance from the 1930 to the 1940 
and 1950 hybrids, and he attributed the lower yields of the 1940 and 
1950 hybrids, compared with the 1930 hybrids, to the selection of 
much better stalk quality. 
Selection for disease resistance has been an integral component 
of maize breeding for many years, yet there are little data that reflect 
directly on success for this selection and its effect on grain yield. Stay-
green, which is primarily a rating for plant health, has been evaluated 
in several experiments. The improvement for resistance to stalk 
lodging has been well documented (Russell, 1974, 1984; Duvick, 1977, 
1984), and stalk quality in part is dependent upon total plant health. 
All experiments that have evaluated stay-green (Duvick, 1984; 
Tapper, 1983; Russell, 1985) have shown significant improvement for 
total plant health from the early to the most recent decades. Stay-
green may also reflect improvement for resistance to second-generation 
European corn borer (Ostrinia nubilalis). Duvick (1984) showed a 
continuous improvement in the resistance to second-generation 
European corn borer from the 1930 to the 1980 hybrids, which would 
be conducive to greater stalk quality and reduced harvest loss. 
Several plant and ear traits have changed with the yield 
improvement by breeding, whereas other traits have shown no 
significant trends. In some instances, selection during inbred 
development and evaluation may have been partly responsible for 
trait changes, whereas for others, the change may have been primarily 
a correlated response with the increase for yield. Russell (1985) 
evaluated 18 plant, ear, and grain traits of 28 cultivars from seven 
eras and correlated these with grain yield. The simple correlations are 
shown in Table 5. The greatest r-values were for total plant weight 
(0.94) and harvest index (0.83). Harvest index increased from 44.6% 
for O.P. to 52.6% for the 1970-era hybrids. Stay-green (plant health) 
would affect time of physiologic maturity and rate of grain fill, both of 
which showed high r-values with grain yield. The ear and grain traits, 
which are components of yield, had significant but lower correlations. 
Variation among cultivars for ears per plant was not significant; 
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Table 5. Simple correlation coefficients for 18 plant, ear, and grain 
traits with grain yield for 28 cultivars evaluated in two 
years, 1982 and 1983 (Russell, 1985). 
Trait r-values 
Days to pollen shed 
Days to silk emergence 
Pollen-silk interval 
Date black layer 




Total plant weight 
Stover weight 





Ears per plant 
Shelling percentage 
Weight per 300 kernels 



















consequently, a significant correlation was not expected. With these 
cultivars in a previous experiment, Russell (1984) had found the 
number of ears per plant, either barrenness or more than one ear per 
plant, was an important contributing trait for yield. Crosbie (1982) 
reported that reduced barrenness rather than increased prolificacy 
was an important factor for yield increases over decades. Duvick 
(1984) also found that reduced barrenness for the modern single 
crosses was an important yield component, particularly at higher 
plant densities. 
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Figure 10. Yields of four inbred lines from three sources of BSSS(HT) in crosses 
with Mol 7, data for trials at four Iowa locations for 1976 to 1983. 
Genetic Gain via Recurrent Selection in Populations 
The effectiveness of several recurrent selection procedures to 
improve populations for hybrid performance has been well documented 
(Eberhart et al. , 1973; Moll et al., 1978; Russell et al., 1973; Walejko 
and Russell, 1977; Stangland and Russell, 1982; Smith, 1983; Hallauer 
et al., 1983). Further evidence for yield improvement in Iowa Stiff 
Stalk Synthetic (BSSS) is shown in Figure 10. The histograms are 
based on yield data from machine-planted and machine-harvested 
trials conducted at four Iowa locations during 1976 to 1983 (29 
location-year environments). Inbreds Bl4 and B37, which were 
released in 1953 and 1958, respectively, came from the original BSSS 
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population. Inbred B37 has more genetic potential than B14 to 
respond to higher plant densities and fertility levels. Inbred B73 
evolved from the C5 population of BSSS, which is the population 
developed after five cycles of recurrent selection for yield improvement 
with a double-cross tester, and in combination with Mo 1 7, has 
contributed a yield gain of 11.4% compared with B37. Furthermore, 
inbred B84, which evolved from the C7 population of BSSS, has 
contributed a yield gain of 11.3% over B73. Periodically, surveys have 
been conducted to determine the use of public lines by the hybrid 
corn seed industry. A summary by Zuber and Darrah (1980) showed 
that the commercial use of B37 as a percentage of the total U. S. 
hybrid seed requirement was 25.7% in 1970. Subsequently, the use of 
B37 had decreased to 6.8% in 1975 and 2.4% in 1979. Inbred B73 was 
released in 1972, and the commercial use was estimated at 3.1 % in 
1975 and 16.1% in 1979. Inbred B84 was released in 1978 but has not 
become widely used. 
Two maize synthetics, BSSS and Iowa Corn Borer Synthetic No. 1 
(BSCBl) , have been used at Iowa State University in a reciprocal 
recurrent selection program for nine cycles. Interpopulational crosses 
using S3 lines at Cycles 0 and 9 were evaluated at two Iowa locations 
in 1983. The frequency distributions for yields of 100 crosses in each 
set are shown in Figure 11 (0. S. Smith, unpublished data from work 
at Iowa State University). Although the materials were evaluated in 
heat and drought stress conditions, important yield gains for the 
crosses from the C9 populations are evident. The potential for 
continued yield improvement seems evident. 
Improvement of Inbred Lines 
The replacement of double crosses by single crosses in the USA, 
which began about 1960, has been an important item in yield gains. 
This effect of the single crosses is evident in Figure 1 that shows an 
accelerated yield increase, beginning about 1960. The best single 
crosses are expected to yield more than the best double crosses, 
except with certain types of epistatic gene action. Also, it is much 
easier to identify two inbred lines that will combine to give a high-
performance single cross than to identify four inbred lines that will 
combine to give a high-performance double cross. 
Few single crosses were used before 1960 because it was not 
economically feasible for the seed industry. The situation was 
changed, however, with the gradual improvement of the inbred 
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Figure 11. Frequency distributions of 100 crosses of 83 lines from BSCBl CO and 
BSSSCO and of 100 crosses of S3 lines from BSCB1(R)C9 and 
BSSS(R)C9. 
Maize breeders and hybrid seed producers are well aware of the 
general improvement of the inbred parent lines, but this improvement 
is less well documented than for hybrids. Agronomic improvements 
include cold tolerance such that germination and emergence are 
better, resistance to plant diseases, resistance to insects, resistance to 
barrenness, resistance to root and stalk lodging, better p ollen 
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production, higher seed yield, and better seed quality. Duvick (1984) 
compared field performances for five inbreds per decade for five 
decades, 1930 to 1970. The inbreds showed a yield gain of 0.50 q ha-1yr-1 
or a total gain of 20 q ha-1. Significant gains were also observed for 
ears per 100 plants and for resistance to root and stalk lodging. 
Meghji et al. (1984), using the inbred lines that Russell (1974) had 
used earlier, evaluated the agronomic performance of the lines. The 
inbreds did not show any yield improvement for the 1950- compared 
with the 1930-era inbreds, but the 1970-era inbreds had an average 
yield increase of 14.5% over the 1950 lines. Furthermore, the 1950 and 
1970 inbreds were much improved for plant health and resistance to 
root and stalk lodging compared with the 1930 lines. Whereas in 
earlier years breeders selected lines primarily on the basis of hybrid 
performance, now much more emphasis is given to the development 
of lines that have greater vigor and, thus, higher seed yields. 
Future Trends 
Grain yields for maize are expected to increase because of the 
combined effects of two items: a) improved cultural practices and 
management and b) increased genetic potential of the hybrids. An 
interesting comparison for yield increases in Iowa is shown in Figure 
12. The lower line shows the state average yield during 1954 to 1985, 
and the upper line shows average yields for the master maize 
champion contest. The rates of yield increase have been 1.30 and 1.62 
q ha-1yr·1 for the state average and the master contest, respectively. 
Projected to the year 2000, the state average is 95.8 q ha·1 and the 
master contest is 167.8 q ha-1. On the basis of predicted yields, the 
difference between the two sets was 57.3 q ha·1 in 1954, increased to 
67.2 q ha·1 in 1985, and is predicted at 72.0 q ha·1 in 2000. In both 
instances, the yield levels have continued to increase because of the 
combined effects of better hybrids, improved cultural practices, and 
better management. Consequently, improvements in management can 
be expected to contribute significantly to give higher state averages in 
the future. 
It is conceivable that the rate of gain for U. S. grain yield could 
become even greater than presented here because there are more 
breeders and more companies with breeding programs now than for 
any previous time in the USA. The evaluations by Russell (1984) and 
Duvick (1984) showed that an important cause for yield gain is the 
genetic potential of the most recent hybrids to take advantage of 
higher plant densities to produce more grain per unit field area. 
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Figure 12. Observed yields in Iowa and predicted linear responses for state average and master corn 














Perhaps further gains can be achieved by the development and 
evaluation of parental materials at higher plant densities to identify 
greater resistance to barrenness. Stalk lodging is still a major problem, 
however, which must be corrected if higher plant densities are to be 
used. Consequently, breeders must devel,op materials that have better 
disease resistance and stalk quality before hybrids can be planted at 
higher plant densities to produce more grain per unit area. Recurrent 
selection can be used effectively to improve stalk quality in breeding 
populations, but caution must be used in selection to avoid yield 
declines (Devey and Russell, 1983; Martin and Russell, 1984a,b ). 
We must be aware that greater problems with plant pests may 
occur at any time (e.g., maize leaf epiphytotic of 1970) thus causing 
difficulty for breeders even to maintain the yield level now achieved. 
Occasionally, germplasm with resistance for some pests may have to 
be introduced from unadapted sources, and this could cause 
temporary reductions for hybrid performance until unfavorable genes 
linked with the resistance genes can be eliminated. We are only 
beginning to observe the potential for various types of recurrent 
selection to increase gene frequencies of favorable alleles in breeding 
populations. These improved populations will be the sources for new 
inbred lines that will transmit to hybrids greater yield potential and 
favorable changes of other traits for which the populations have been 
improved. "Genetic engineering" techniques have not yet had an 
impact on maize improvement, but effects may be realized for some 
aspects of hybrid improvement in the near future. Also, we have only 
just begun to explore in greater depth the possible utilization of 
germplasm from other areas such as Mexico and South America. 
Continually increasing maize yields for the future seem promising. 
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SOYBEAN POD AND FLOWER ABSCISSION AS 
INFLUENCED BY CARBOHYDRATE 
SUPPLY DURING FLOWERING1 
Y. M. Stockman and Richard Shibles2 
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ABSTRACT. To evaluate the influence of carbohydrate supply on reproductive 
abscission, light-enrichment and defoliation treatments were given to debranched, 
determinate plants of soybean (Glycine max (L.) Merr.) in growth-cabinet studies 
during the two-week period, starting just before flowering, when most flowers 
abscise from a raceme. 
Light enrichment increased and defoliation decreased the dry weight of the 
vegetative part of the plant immediately, but raceme dry weight did not respond 
similarly until the end of the treatment period. Water-soluble carbohydrate 
concentrations of a typical raceme followed a similar pattern to the dry weight of 
the racemes. Abscission of flowers and young pods was unaffected by the 
treatments. The results suggest that carbohydrate supply is not involved immediately 
in the abscission of flowers. 
Index descriptors: flower abscission, pod set, Glycine max, soybeans. 
INTRODUCTION 
Soybean (Glycine max (L.) Merr.) has the potential for greater 
yields than those presently obtained. The plant produces many 
flowers, but few of these remain as pods at maturity. With two field-
grown cultivars, Hansen and Shibles ( 1978) determined that only 37% 
of the flowers developed into mature pods. In a study with 11 
determinate soybean cultivars, Wiebold et al. (1981) found that 28 to 
33% of the flowers developed into mature pods. An average of 87% of 
the abscission occurred before the pods reached 2 cm in length. 
Probably more than half of the abscission occurs within a week of 
anthesis (Van Schaik and Probst, 1958; Abernethy et al. , 1977; Huff 
and Dybing, 1980). Abernethy et al. ( 1977), finding that a high 
percentage of abscised flowers were fertilized, cited a Japanese study 
that reported that 55% of abscised flowers and pods were at the 3- to 
8-cell stage of proembryo development, i.e. , 3-7 days after fertilization. 
1Journal Paper No. J-11843 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, IA 50011. Project Nos. 2087 and 2275. 
2Research assistant and professor, Department of Agronomy, Iowa State University, 
Ames, IA 50011. 
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One-third to half of the total abscission in a field trial conducted by 
Van Schaik and Probst (1958) also consisted of fertilized flowers. 
Various studies have indicated that a shortage of assimilate 
supply to the flowers and young pods may c t.use their abscission. 
Hardman and Brun (1971) found that increased C02 levels after 
anthesis significantly increased final pod number. Increased light into 
the lower part of the canopy, where irradiance is low and flower and 
small-pod abscission is high, resulted in greater pod retention and 
yield of soybean crops (Johnston et al., 1969; Schou et al., 1978). 
Antos and Wiebold (1984) found lower total-soluble sugar and starch 
concentrations in stem and petioles of this part of the canopy. 
Substantial floral bud removal from the soybean plant had no 
significant effect on final pod number and yield per plant (Hicks and 
Pendleton, 1969). Thus, it seems that any flower on the plant has the 
potential to develop into a pod and that the availability of assimilate 
may decide the survival of a flower. 
This study examines the effect, of altering the carbohydrate 
supply to the plant during flowering on flower growth and pod 
development. Light enrichment and partial defoliation of the plant 
were the two treatments used to change the carbohydrate supply. 
MATERIALS AND METHODS 
A determinate soybean line with elongated racemes, A80-Dl 7, 
bred by Dr. D. E. Green (Department of Agronomy, Iowa State 
University) was grown in Percival growth cabinets at Iowa State 
University. The elongated raceme facilitated observations on flowers 
within the raceme. Four seeds of this line were planted in 36-cm-
diameter pots filled with a 1:1 perlite:vermiculite mixture. Pots were 
watered with a modified Hoagland solution immediately after planting 
and at regular intervals thereafter. 
When both primary leaves had emerged, pots were thinned to two 
plants. The two shoots were progressively removed for dry weight 
analysis during the treatment period. Only main sterns were used in 
the experiments, so branches were trimmed off the plants twice 
weekly. 
Light Enrichment Experiment 
In this experiment, the soybean plants were grown in a growth 
chamber set at 28 C during the day and 18 Cat night. Daylength was 
14 h. With the first evidence of flowering ( 43 days after sowing), four 
pots were randomly assigned to each of six blocks. The plants to be 
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light-enriched were moved closer to the light bank This resulted in 
the light-enriched plants receiving 430 µmol m-2s- 1 PPFD at the 
top of the canopy, whereas the control plants received 370 µmol 
m-2s- 1• The light-enriched plants also received additional diffuse 
irradiance at the side of the plant canopy. Treatments were 
randomly distributed within each block, and all pots were reran-
domized twice weekly within each block 
Eight plants were sampled at the start of the treatments (0 
days); twelve plants (one per treatment per block) were sampled 
at 4, 8, and 12 days thereafter. These dates corresponded to 3 days 
before and 1, 5, and 9 days after 50% flowering (half of the 
positions with open flowers) on the raceme of node 7. Plant 
shoots, cut-off at the pot surface, were sampled, and these were 
subdivided into leaf, stem, and raceme. Plants from one block were 
sampled at the same time. Attached leaves that were yellowing 
were included in the leaf dry-weight fraction, but only the area of 
green leaves was measured. These plant fractions were dried at 70 
C for at least 48 h and then weighed. The raceme at node 7, 
referred to as the "typical" raceme, and the internodes above and 
below it were sampled immediately and kept separate from the 
rest of the fractions. Node number was counted acropetally; 
node 1 was the first node with a trifoliolate leaf. The plants in this 
experiment formed 9 to 10 nodes on the main stem, and the 
typical raceme was positioned approximately in the middle of the 
nodes with racemes. 
The typical raceme was separated into flower positions 1 and 
2 (basal sites), 3 to 5 (middle sites), and 6 and above (distal sites). 
Flower position 1 was the site closest to the stem. The typical 
raceme peduncle, the internode above node 7 (upper internode) 
and the internode below node 7 (lower intern ode) also were kept 
separate. These flower and stem sections were placed in glass 
tubes on dry-ice immediately after separation and kept frozen 
until they were freeze-dried about a week later. The number of 
open flowers, abscised flowers or small pods, and pods present 
were recorded for each flower position of the typical raceme. Pod 
formation was defined on the basis of ovary enlargement beyond 
the petals of the flower. The average dry weight of reproductive 
structures at the basal, middle, and distal sites was calculated to 
be the total dry weight of structures from all positions divided by 
the total number of flower positions present. 
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The weights of the freeze-dried fractions are considered to be 
equivalent to oven-dry weights. Total dry weight and stem and raceme 
dry weights represent the combination of oven-dried and freeze-dried 
material. 
Defoliation Experiment 
In this experiment, the soybean plants were grown under the 
same general conditions as the first experiment, except that the 
average PPFD was 460 µmol m-2s-1. 
The defoliation treatment was started when the first flowers 
appeared on the plant ( 48 days after sowing). At this time, the pots 
were divided into groups identical to the light enrichment experiment. 
Treated pots were randomly distributed throughout each block, and 
all pots were rerandomized twice weekly within each block 
Treatment consisted of the removal of alternate trifoliolate leaves 
from the stem, so that the typical raceme (at node 9) was positioned 
at a defoliated node. It was thought that this treatment would put the 
greatest carbohydrate stress on the raceme because alternate nodes 
share the same vascular system (Murray et al., 1982). The leaves 
removed from all the treated plants were measured for area, dried at 
70 C, and weighed. 
Eight nondefoliated plants were sampled at the beginning of the 
treatments (0 days); twelve plants of both treatments were harvested 
5, 9, and 12 days later. These dates corresponded to 5 days before and 
0, 4, and 8 days after 50% flowering on the typical raceme. The main 
stem of these plants included 12-13 nodes; node 9 (that bearing the 
typical raceme) was approximately in the center of those with 
racemes. Sampled plants were separated as described in the light 
enrichment experiment. 
Water Soluble Carbohydrate (WSC) Measurements 
Water-soluble carbohydrate levels were determined on each 
separated part of the raceme with the anthrone method, as described 
in Fischer and Stockman (1980). Phillips and Smith (1974) found 
with an ethanol extraction procedure that two-thirds of the 
carbohydrates in soybean stems at early pod-fill are glucose, fructose, 
and sucrose. These carbohydrates are water soluble and are detected 
by the anthrone method (Dimler et al., 1952). Starch is not very 
soluble in water and may not be detected by this anthrone method, 
but it was believed not to be present in significant quantities in the 
plant parts measured because the plants were still growing rapidly 
throughout the experiment. 
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Statistical Analysis 
The pots of soybean plants were randomly distributed throughout 
the growth cabinets until the start of the treatments. At this time, the 
plants were divided into six groups of four pots (two treatment and 
two control) according to the height of the plants, in order to reduce 
the initial plant variability. These groups were assigned at random to 
six sections of the growth cabinet and remained there until the end of 
the experiment. All pots were rerandomized twice weekly within each 
of these six blocks. 
The ANOVA of the experiments was conducted in two parts. The 
initial harvest of eight plants was analyzed separately from the other 
three harvests. The three later harvest dates were analyzed all 
together as a randomized block design with harvest date as an extra 
factor. The SE displayed in the tables and graphs is the standard 
error of a mean and is a weighted average of the standard errors of 
the analyses of variances described here. 
RESULTS 
Both light enrichment and defoliation caused statistically significant 
changes in the dry-weight components of the plant (Table 1). Total 
dry weight, leaf dry weight, and stem dry weight increased significantly 
with light enrichment and decreased significantly with defoliation. 
Defoliation also seemed to decrease the total raceme dry weight, but 
this effect was not statistically significant. The typical raceme dry 
weight was somewhat larger with light enrichment and less with 
defoliation, but neither effect was significant. 
The light enrichment and defoliation treatments had no significant 
effect on leaf area if that removed is taken into consideration. 
Average leaf area of the light-enriched plants during the treatment 
period was 2080 cm2 and 2060 cm2 for the control plants. The 
defoliated plants had an average leaf area during the treatment 
period of 1360 cm2 (control= 2710 cm2), an average of 1340 cm2 per 
plant having been removed. Leaf area did not change with time 
throughout the treatment period. 
Dry-matter partitioning to the leaves, stems, and racemes was not 
significantly altered by the treatments (Table 2). However, there was a 
consistent pattern in partitioning to the leaves and racemes. With 
light enrichment, the leaves received somewhat more dry matter and 
less was partitioned to the racemes. With defoliation, slightly more 
dry matter was partitioned to the racemes and less to the leaves. 
Table 1. Effect of light enrichment and defoliation on dry-weight components of the soybean plant at 
specific times after flowering (F). 
Harvest 
datea Treatment Total Leaf 
Effect of light enrichment 
F-3e Control 7850 6180 
F+9 Control 15000 10900 
Light 
enrichment 17200d 12700d 
SE 384 319 
Effect of defoliation 
F-5e Control 12500b 8530b 
F+8 Control 23000 15200 
Defoliation 14400d 7890d 
SE 501 379 
aDays from 50% flowering of the typical node. 
bMean leaf dry weight cut off for defoliation treatment was 4461 mg/ plant. 
cDry weight of all racemes. 
dlndicates treatment is significantly different from control (P < 0.05). 
elndicates start of treatment. 












































Shoot dry weight % of dry weight partitioned to: Cl 
Time change during ~ 
period a Treatment period Leaf Stem Racemes "rj 
t'"' 
Effect of light enrichment 
0 
~ F-3 Control 7140 66.1 21.5 12.5 :::d 
to Ed 
F+9 Light 9370b 69.0 22.6 8.5 en CJ 
enrichment en en 
SE 429 1.6 1.5 1.8 0 z 
Effect of defoliation 
F-5 Control 10500 63.3 25.8 11.0 
to 
F+8 Defoliation 6300b 59.7 25.9 14.4 
SE 1176 2.3 4.7 4.5 
8 0ays from 50% flowering of the typical raceme. 
blndicates treatment is significantly different from control (P < 0.05). 
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Partitioning of dry matter to the typical raceme also was not 
altered significantly by the treatments. During the light-enrichment 
treatment, this raceme was allocated an average of 1.46% of the total 
dry weight (control = 1.67%; t = 0.50, n.s.), and with defoliation the 
typical raceme received 1. 79% (control = 1.30%; t = 0. 79, n.s. ). 
The dry weight of sites within the typical raceme did not increase 
substantially until four to five days after 50% flowering (Fig. 1). After 
that time, some treatment effects became evident. Light enrichment 
increased and defoliation decreased the average dry weight of a 
flower at the basal sites. Only the defoliation treatment was significant, 
but perhaps the effect of light enrichment would have become 
significant with additional time. 
Flower and small-pod abscission of the typical raceme was 
unaffected by light enrichment and defoliation during the treatment 
period (Fig. 2). But abscission was greater and st arted earlier in the 
defoliation experiment than in the light study (Fig. 2). This may be 
because there were more flowering sites on the racemes in this 
experiment. In the defoliation experiment, the mean number of 
flower sites, averaged over the last three harvest dates, was 14.3 for 
the control and 14.1 for the defoliation treatment (t = 0.32, n.s.) , 
whereas with light enrichment, the number of sites was 7.9 for the 
control and 6.4 for the light enrichment treatment (t = 1.82, n.s.). 
These results are consistent with a hypothesis linking shedding with 
substrate availability. Van Schaik and Probst (1958) found that, with 
a greater number of flowers produced, there was an increased 
percentage of flowers shed. 
The treatments showed no marked effects on the percentage of 
water-soluble carbohydrates (WSC) found within the raceme structure 
until 4-5 days after 50% flowering of the raceme (Fig. 3). At this time, 
light enrichment increased and defoliation decreased WSC levels, but 
only the basal flower sites of defoliated plants were significantly 
different. WSC levels in the peduncle and the internodes on either side 
of the raceme decreased slowly with time. Within the raceme, WSC 
ranged between 0.5 and 8%, with levels beginning to rise in the lower 
and middle flower sites at 4-5 days after 50% flowering. 
DISCUSSION 
Light enrichment increased total shoot dry-weight accumulation 
during the treatment period by 31%, and defoliation decreased it by 
40%. During this time, significant treatment effects on dry weight 
occurred in the leaf and stem fractions, but although the racemes 
showed no statistically significant treatment effects, their dry weight 
was decreased 23% by defoliation. 
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Figure 1. Effect of light enrichment C•) and defoliation (A) on the dry-weight 
distribution of the racemes (unshaded symbol = control; F = 50% 
flowering of typical node). 
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Figure 2. Effect of light enrichment and defoliation on abscission at the typical 
node. Number of flower sites present and number of these that have 
abscissed are represented by (0) and (~) respectively (shaded symbols 
are the treatments, and unshaded the control). 
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Figure 3. Effect of light enrichment C•) and defoliation (A) on percentage water-
soluble carbohydrate of the typical raceme. Control values are open 
symbols, and F is 50% flowering of this typical raceme. 
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The effect of the treatments on the allocation of dry weight 
during the treatment period was only in the leaf and raceme 
fractions; allocation to the stem was unchanged during the treatment 
period. The racemes were a small sink throughout the experiment, 
accounting for, at most, 7% of the total dry weight (Table 1 ), and they 
were allocated 10-15% (Table 2) of the dry weight accumulated 
throughout the period of the experiment. The racemes were an 
important sink in that more dry weight was partitioned to them, and 
less to the leaves, when assimilate supply to the plants was decreased 
by defoliation. But the raceme did not or could not utilize a higher 
level of assimilate during the treatment period, as indicated by 
accumulation of WSC in basal flowers and increased dry matter 
accumulated in the leaves with the light-enrichment treatment. The 
resources of the vascular system of the raceme may have limited the 
translocation of assimilate to the raceme. Or raceme growth potential 
possibly was constrained by restrictive hormonal levels. 
The abscission of flowers and young pods during the treatment 
period was lower than reported by others. Abscission levels might 
have increased later. Heindl and Brun (1984) found that flower 
abscission may be delayed up to 16 days after anthesis in the cultivar 
that they studied. Levels of abscission on the typical node during both 
experiments also might have been higher during the treatment period 
if side branches had been present; these may compete with the 
racemes for assimilates or other growth requirements. But even with 
these low levels of abscission, no immediate effect of assimilate supply 
was evident on the abscission of flowers and young pods. 
Schou et al. ( 1978) found that, in field experiments, light 
enrichment gave increases in pod number with a treatment period 
that was as short as two weeks. In their experiments, the greatest 
effect on pod formation occurred during the two-week enrichment 
period spanning the last half of flowering and the first half of pod 
formation, but some effect occurred in two-week treatments given 
before and after this period. It seems from our experiments that the 
effects due to changes in the assimilate status of the plant affect the 
vegetative part of the plant (leaf growth) immediately, but effects on 
the reproductive development of the plant either do not occur or take 
longer. The effects of a change in the carbohydrate status of the plant 
were becoming evident towards the end of these experiments when 
dry-weight accumulation and water-soluble carbohydrate levels of the 
lower pods of the raceme began to be affected by the light enrichment 
and defoliation treatments. Because Shou et al. ( 1978) used an 
indeterminate cultivar in their experiments, it is possible that 
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effects of light enrichment were on the development of later-
formed flowers. 
The quality of light reaching flowers has been found to affect 
flower abscission and the partitioning of 14C-assimilate to them 
(Brun et al., 1985), but it cannot explain the higher abscission 
found in upper canopies where light quality would be little 
affected by its penetration through the canopy. The sink intensity 
(the competitive ability to accumulate photoassimilate per unit 
mass) has been found to differ between potentially setting and 
potentially abscising flowers (Brun and Betts, 1984 ). Both setting 
and abscising flowers had high sink intensity before anthesis; the 
sink intensity then became low for the first three days following 
anthesis, after which it recovered in potentially setting flowers but 
failed to recover in potentially abscising flowers. Dybing et al. 
(1984) found that characteristics such as dry weight, soluble and 
insoluble protein, soluble carbohydrates, starch, RNA, DNA, and 
free amino acids differed significantly between ovaries of potentially 
setting and potentially abscising flowers at two to four days after 
anthesis and estimated the initial deviations to have occurred at 
one to two days after anthesis. 
Evidently abscission of flowers is determined in the first 1-2 
days after anthesis. Over the whole plant, this period could extend 
to several weeks. Thus, seemingly, a receptor that monitors the 
pod-bearing capacity of the plant needs to be present for a 
considerable time. This agent also must perceive effects such as 
those of carbohydrate supply on pod formation that Schou et al. 
(1978) found. Our study suggests that carbohydrate levels are not 
immediately involved in this monitoring. 
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RELATIONSHIP OF CORN AND SOYBEAN YIELDS TO 
WEEKLY MOVING AVERAGES FOR PRECIPITATION 
AND TEMPERATURE AT FOUR CLIMATIC 
LOCATIONS IN IOWA1 
M. El Mourid, G. Q. He, F. H. Andrade, and I. C. Anderson2 
ABSTRACT. Three-week moving averages for precipitation and temperature for 
each week from late March to October for 40 years were related to annual corn 
(Zea mays L.) and soybean (Glycine max (L.) Merr.) grain yields for four 
climatically diverse areas in Iowa. Annual yields were expressed as positive or 
negative percentages of deviation from the long-term yield trend. 
For both crops, precipitation at the beginning of the growing season was 
negatively correlated with grain yield except for northwestern Iowa. The negative 
effect of high precipitation near the planting date was more accentuated in 
southeastern Iowa. Precipitation at the reproduction stages was the most 
positively correlated with grain yield. The positive regression coefficients between 
yield (corn and soybeans) and precipitation were higher for northwestern Iowa, 
which is the driest location with high probability of moisture stress. 
High temperatures at the end of May and beginning of June were positively 
correlated with crop yield. In contrast, high temperatures in July and August were 
negatively correlated with crop yield. 
Index descriptors: Zea mays L. , Glycine max (L.) Merr., corn, soybeans, date 
of planting, moisture stress. 
INTRODUCTION 
Crop yields are greatly affected by environmental factors; 
particulary radiation, precipitation, and temperature. In the Corn 
Belt of the United State, corn (Zea mays L.) and soybean (Glycine 
max (L.) Merr.) yields have been related to rainfall and / or 
temperature (Dale, 1983; Mederski, 1983; Shaw, 1983; Shaw and 
Laing, 1966; Thompson, 1969, 1970). 
Thompson ( 1969) concluded that in the Corn Belt, high corn 
yields were associated with normal precipitation from September to 
the following June, above-normal July precipitation, normal tem-
peratures in June, and below-normal temperatures in July and 
1Journal Paper No. J-11821 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, IA 50011. Project No. 2492. 
2Graduate Student, Visiting Scientist, Graduate Student, and Professor, Depart-
ment of Agronomy, Iowa State University, Ames, IA 50011. 
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August. For the same area, Thompson (1970) concluded that highest 
soybean yields are associated with warmer than normal temperature 
in June, cooler than normal temperature in July and August, normal 
precipitation from September to the following June and above-normal 
precipitation in July and August. 
Shaw and Laing ( 1966) and Shaw ( 1983) emphasized the 
importance of development stages as related to climate parameters; 
they showed that the tasseling to silking stage is the most critical 
period for corn and that seed filling is a critical stage for soybeans 
even though soybeans seem more flexible under stress than corn. 
In this study, we have related weekly weather (precipitation and 
temperature) for 40 years to the corn and soybean yields in four 
different locations in Iowa: northwest, central, southwest, and 
southeast. Mean precipitation and temperature for the locations as 
shown in Figures 1 and 2 (NOAA, 1982) indicate the different 
characteristics of the regions. The northwestern region is the driest 
with a high probability of moisture stress during the summer, and 
cooler spring temperatures which may delay the planting. The 
southern region (SE, SW) receives more precipitation, and the excess 
of soil moisture in spring might delay planting. A high percentage of 
land in this area has steep slopes, and farm ponds are numerous, 
especially in the southeast where the subsoils are slowly permeable. 
The central region is intermediate in rainfall and has deep soils with 
greater water storage capacity to supply crop needs through short 
periods of drought. 
MATERIALS AND METHODS 
Precipitation and temperature data from 1940 through 1980 
from four weather stations, Rock Rapids in northwestern (NW) Iowa, 
Ames in central (Cent) Iowa, Clarinda in southwestern (SW) Iowa, 
and Fairfield in southeastern (SE) Iowa, and average corn and 
soybean yields from their respective counties were used in this study. 
The yield data were divided into two groups, 1940-1956 and 1957-
1980, because of a rapid advancement of the use of improved 
cultivars, N fertilization of corn, and pesticides beginning in the late 
1950s. Linear regressions were then calculated (Figure 3) to adjust 
for technology and long-term climatic effect on crop yield (Cardwell, 
1982; McQuigg, 1982; Thompson, 1969). 
The weather data that was used consisted of weekly precipitation 
and average temperatures. The precipitation for week n was 
calculated as the sum of the precipitation in cm for the 3-week period 
0 
-Ames -- Clarinda ---- Fairfield --- Rock Rapids 0 ~ 




















J F M Ap M J Jy Ag S 0 N D 
Month 





















- Ames -- Clarinda ----Fairfield --- Rock Rapids 
J F M Ap M J Jy Ag S 0 N D 
Month 












































54 EL MOURID et al. 
consisting of weeks n-1, n, and n+ 1, and divided by three, and it is 
called weekly precipitation (excess over 10 inches was not considered 
for any particular week). The 3-week moving temperature average 
(called weekly temperature) for week n was derived from the sum of 
the average weekly temperature in °C in weeks n-1, n, and n+ 1, and 
divided by three. Average weekly temperature was calculated as 
7 
~ (Maxi + Mini) 
i=l 
(7)(2) 
where Max represents the daily maximum temperature, Min the daily 
minimum temperature, and i the days of a week. The technique used 
herein is t he met hod of moving averages (Kuehl et al., 1976) which 
consists of centering the value of a period 
[i.e. week n = (n-1) + (n) + (n+ 1)] 
3 
and is employed to smooth an irregular series of data. Weeks are 
according to the climatological year which begins March 1. Weather 
data were collected from Week 5 (March 29-April 4) through 
Week 33 (Tables 1 and 2). 
The deviations of yearly crop yield, as a percentage of the yield 
for the technology regression line, were related to weekly precipitation 
or temperature for each week over the 40-year period by linear 
regression analysis. A limited study using a quadratic model for 
temperature and precipitation did not improve the relationships; a 
significant negative interaction term of multiple linear regression with 
precipitation and temperature was found for some weeks but did not 
change the trends shown by the simpler linear models used herein. 
CORN AND SOYBEAN YIELDS 55 
Table 1. Precipitation. Level and sign of significance for the 
regression coefficients between corn and soybean yield and 
precipitation (Kg ha-1 cm-1) by week 
SOYBEAN CORN 
Week1 NW Cent SW SE NW Cent SW SE 
5 -*2 -* -* 
6 
7 * -** 
8 * 
9 ** -** 
10 ** 
11 * -*** -** 
12 -** -*** -** -* -*** 
13 -*** -*** -*** -** -*** 
14 -** -* -*** -** 
15 -* -* -* 
16 
17 
18 ** ** 
19 *** ** ** ** ** ** *** ** 
20 * ** ** ** ** *** ** 
21 *** * * ** 
22 
23 * * 
24 ** ** 
25 ** *** 








1Approxirnate growth stage (Corn and Soybeans): Preplant Weeks 5-10, 
Vegetative 11-18, Flowering-Midseed 19-25, Midseed-Maturity 26-33. 
2Levels of Significance: * = 10%; * * = 5%; * * * = 1 %. 
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Table 2. Temperature. Level and sign of significance for the 
regression coefficients between corn and soybean yield and 
temperature (Kg ha·1 0 G 1) by week 
SOYBEAN CORN 
Week1 NW Cent SW SE NW Cent SW SE 
5 -**2 * 
6 * 





12 * * 
13 *** *** -* *** 
14 *** ** * *** 





20 -*** -*** 
21 -** -*** -* -*** 
22 -** -*** -* -*** -*** -** 
23 -** -*** -** -*** -** -** 
24 -** -** -* -** 





30 -* -** 
31 -** -** -* 
32 -** -* 
1Approximate growth stage (Corn and Soybeans ): Preplant Weeks 5-10, 
Vegetative 11-18, Flowering-Midseed 19-25, Midseed-Maturity 26-33. 
2Levels of Significance: * = 10%; * * = 5%; * * * = 1 %. 
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RESULTS AND DISCUSSION 
Soybeans 
Figures 4 and 5 show the regression coefficients between soybean 
yield and precipitation or temperature, by week, for the four 
locations. Tables 1 and 2 show the sign of significant coefficients. 
The regression coefficients between soybean yield and precip-
itation had the highest positive values for NW Iowa. This was 
expected because this location has the least annual precipitation and 
the highest probability of moisture stress. Greater than normal 
precipitation during the preplanting period of 5-10 weeks was 
beneficial to soybean yield in NW Iowa, which indicated the value of 
accumulated reserve soil moisture. At the other extreme, extra 
precipitation during the preplanting period was detrimental for 
soybean yield in SE Iowa. 
Between Weeks 10 and 16, there was a negative relationship 
between yield and precipitation compared with the preceding or later 
periods. This probably is associated with a delay in planting date 
because of precipitation (Shaw and Laing, 1966). The shorter the 
growing season, the lower is the yield. Another explanation could be 
that precipitation in this period increases the incidence of diseases 
and stimulates germination of weeds 
For all locations, there was a positive relationship between yield 
and precipitation for the period between Weeks 18 and 25. This 
period corresponds to the flowering stage, which is especially suscep-
tible to water stress (Decker, 1983; Mederski, 1983; Thompson, 1970). 
The regression coefficients of soybean yield on temperature 
showed a positive peak at the end of May and beginning of June 
(week 13-15). This probably was due to more rapid drying of the soil 
(allowing completion of planting) and/ or to vigorous early growth of 
the crop (Thompson, 1970). It also could be due to the negative 
correlation between temperature and precipitation (Dale, 1983). The 
negative regression coefficients between Weeks 20 and 25 probably 
were due to an accentuation of water stress at high temperatures 
(Thompson, 1970; Mederksi, 1983) or again to the negative correlation 
between temperature and precipitation. 
Corn 
Figures 6 and 7 show the weekly regression coefficients between 
corn grain yield and precipitation and temperature for all the 
locations. Tables 1 and 2 shows the level and sign of significance of 
those coefficients. 
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Figure 5. Regression coefficients between temperature by week and soybean yield for four regions in Iowa (Kg ha·1 
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Figure 7. Regression coefficients between temperature by week and corn yield for four regions in Iowa (Kg ha ·1 0 G 1). 
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The results are similar to those presented for soybeans. Again, the 
coefficients between corn grain yield and precipitation were highest 
for NW Iowa. Between Weeks 10 and 16, the regressions indicated 
that precipitation in this period reduced yield probably due to 
delayed planting (Shaw, 1983). Moreover, precipitation in the early 
growing season increases the incidence of diseases and weeds and 
decreases growth (precipitation is associated with low temperatures 
and cloudy days). This negative effect was greatest in SE Iowa. The 
soybean and corn data indicate that yield is limitd by excess moisture 
at planting time in southeast Iowa (Shaw, 1983). 
In corn, water stress near the period of silking and tasseling has 
drastic consequences because it lengthens the interval between 
anthesis and silking (Shaw, 1983; Shaw and Laing, 1966; Thompson, 
1969). The importance of this effect is indicated by the high 
regression coefficients between corn grain yield and precipitation at 
Weeks 19 and 20. In NW Iowa, the coefficients remained high until 
Week 26, showing that the risk of moisture stress in this region is high. 
The regression coefficients of corn grain yield on temperature 
showed a positive peak at the end of May and beginning of June. High 
temperatures probably are associated with completion of planting 
(because temperature is negatively correlated with precipitation) 
and/ or a vigorous growth of the plants, decreasing the incidence of 
diseases and weed competition. Moreover, the occurrence of low 
temperatures in the spring would affect emerged corn by delaying 
anthesis into a period with a great probability of moisture and 
temperature stress (Dale, 1983; Shaw, 1983). 
Finally, there was a negative correlation between corn grain yield 
and temperature for Weeks 20-24, which was the greatest and started 
the earliest in SW Iowa. This effect probably was associated with an 
accentuation of moisture stress at high temperatures (Thompson, 
1969; Shaw, 1983) and/ or the negative correlation between tem-
perature and precipitation (Dale, 1983). 
CONCLUSION 
Previous analyses relating weather data to corn and soybean 
yield were done on a monthly basis for large areas such as a state or 
section of a country. In this analysis, we are showing that there are 
important differences within a state. For the state of Iowa, for 
example, the regression coefficients between crop yield and precipita-
tion were higher for the northwestern region, whereas the negative 
efffects of high precipitation at planting time were more accentuated 
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in the southeastern region. Moreover, the use of weekly moving values 
for weather data is more precise (Kuehl et al., 1976) than the use of 
monthly averages to study the relationship between crop yield and 
weather variables. 
The concepts presented herein are useful for refinements in 
prediction of crop yield. The results show that the emphasis on 
various soil and crop management aspects should vary in different 
sections of the state of Iowa. For example, the results explain why 
mold board plowing in the fall, a practice giving drier soils in the 
spring, is common in southeast Iowa whereas reduced fall tillage has 
been strongly accepted in northwest Iowa. The results suggest that 
fall seeded rye in southeast Iowa would help dry the soil in the spring 
for earlier planting of corn but would be a yield-reducing practice for 
corn in northwest Iowa. 
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FIELD EMERGENCE OF VELVETLEAF 
(ABUT/LON THEOPHRASTI) IN RELATION 
TO TIME AND BURIAL DEPTH 
Jack Dekker and William F. Meggitt1 
65-80 
ABSTRACT. Studies were conducted to determine the velvetleaf seedling 
(Abutilon theophrasti Medic.) numbers, time, and depth of emergence from four 
fields in Michigan. Velvetleaf seedlings emerged from successively shallower depths 
in the soil as th~ growing season progressed. The mean depths of velvetleaf 
seedling emergence ranged from nine to 39 mm below the soil surface. Large 
numbers of velvetleaf seedlings emerged shortly after planting. In 1978 greater 
numbers of velvetleaf seedlings emerged earlier in the season than later, but in 
1979 there were no differences in the numbers of seedlings that emerged 
throughout the growing season. No apparent relationship existed between 
monthly rainfall at the several locations and the depth or numbers of seedlings 
emerging through the growing season. The data suggest that flushes of germinat-
ing velvetleaf are associated with extended periods during which individual 
rainfall events do not exceed 125 mm. 
Index descriptors: Glycine max, rainfall, seed germination, velvetleaf, 
Abutilon theophrasti. 
INTRODUCTION 
Velvetleaf is a serious weed problem in many North American 
agricultural fields, especially in soybeans [Glycine max (L.) Merr.] 
(Dekker and Meggitt, 1983a, 1983b). But there is little empirical 
information on velvetleaf seed germination in agricultural fields with 
natural weed populations. Khedir and Roeth (1981) found large 
numbers of velvetleaf seed distributed throughout the top 30 cm of 
the soil, but the depths of emergence were not indicated. In natural 
infestations, Mulliken and Kust (1970) indicated that velvetleaf seed 
germination could be regulated by soil water content and soil gas 
(C02, 02, H20) concentrations. Their work suggests that the depth in 
the soil from which velvetleaf seeds emerge could change over the 
growing season as these water and gas gradients move vertically in 
the soil with changing environmental conditions. 
'Associate Professor, Department of Plant Pathology, Seed and Weed Sciences, 
Iowa State University, Ames, IA 50011; and Professor, Pesticide Research Center, 
Michigan State University, East Lansing, MI 48823, respectively. 
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Stoller and Wax (1973, 1974) found that velvetleaf could emerge 
from several depths between ca. 25-100 mm in Illinois, and that 
seedlings emerged in large flushes in the early part of the growing 
season. While they found no relationship between emergence and 
temperature, they concluded that the early flushes of emerging 
seedlings were associated with rain of greater than two cm. Although 
they felt that oxygen changes in the soil atmosphere were not critical 
to seedling emergence, they did conclude, as did others (LaCroix and 
Staniforth, 1964; Steinbauer and Grigsby, 1959), that rain soaking a 
dry velvetleaf seed could crack the hard seed coat and permit 
imbibition and germination. It is not known if these conclusions hold 
true for other geographical areas. Also, data is lacking on relationship 
between artificial seed burial data and natural emergence under 
typical agronomic production practices. No studies have been per-
formed that evaluate both the number of velvetleaf seedlings that 
emerge from a natural agricultural field infestation and the depth 
from which they emerge. 
The objectives of this study were to: (1) determine the number 
and time of velvetleaf emergence throughout the growing season in 
several heavily infested agricultural fields, and (2) determine the soil 
depths from which these seedlings emerge. 
MATERIALS AND METHODS 
Several sites in Michigan were chosen on the basis of heavy 
infestations of velvetleaf prior to the study. These sites had a long 
history of both velvetleaf infestation and seasonal moldboard plowing 
to a depth of 15-23 cm. Therefore, velvetleaf seed was distributed 
throughout the plow sole. Site locations were in Hillsdale Co. (1978), 
Gratiot Co. ( 1978 and 1979), Monroe Co. ( 1979), and Ingham Co. 
(1979). Soil preparation and soybean planting dates as well as 
information on soil pH, texture, bulk density, and organic matter 
content are presented in Table 1. 
Experimental Design and Analysis 
The experiment consisted of four plots at each of the four 
locations. The location of each plot was randomly determined prior to 
the establishment of the experiment. The field was mapped, and plot 
areas were numbered. Each experimental unit, or plot, was 3.1 X 3.1 m. 
The total experiment covered an area of ca. 1 ha. The study consisted 
of six 1 m 2 subplots randomized within each plot. At each date one 
subplot was sampled, and plants/ m 2 and the depth of emergence 
Table 1. Edaphic information on locations naturally infested with velvetleaf used for data collections; 
soil preparation, and soybean planting dates. 
Parameter Hillsdale Gratiot Ingham Monroe 
Soil texture Sandy clay Clay loam Sandy clay Sandy loam 
Soil pH 6.5 7.8 6.1 7.6 
Soil bulk density 
(0-15 cm) 1.4 2.0 1.2 1.2 
Soil organic 
matter(%) 3.0 5.4 5.2 4.0 
Soil preparation Spring double Fall plowed Fall plowed Spring disked 
disked and drag plus spring plus spring 
harrowed disked and disked 
drag harrowed 
Plan ting dates 19 May 1978 30 May 1978 21May1979 15 June 1979 
30 May 1979 
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were recorded. Sampling began approximately one month after soy-
bean planting (Table 1) and was repeated every three weeks for four 
months. Data on numbers of velvetleaf seedlings that emerged over 
the season are presented as individual means of four samples, with 
associated standard error of the mean (SE). Depth of velvetleaf 
emergence means were derived from numbers of seedlings that 
emerged over the growing season. The SE associated with these 
means and frequency distributions of numbers of seedlings that 
emerged from various depths are also presented. The coefficients of 
variation of seedling e.J;ll..ergence depth and populations were also 
derived from these data. 
Data Collection Procedures 
On each sampling date emerged velvetleaf seedlings were counted 
in the sample areas, and shoots were excised with a razor blade at the 
soil surface. A 2.5-cm diam. soil probe was centered over the cut stem 
and inserted to a depth of ca. 15 cm to remove underground seedling 
parts. The soil was carefully removed from the seedling, and the 
distance from the most proximal root hairs to the end of the severed 
shoot was recorded. The position of the most proximal root hairs 
corresponds to the location of the seed prior to germination (Esau, 
1977). Following data collection, all plants (including soybeans) were 
removed from the subplots either by carefully severing plants with 
razor blades near the soil surface or by spraying with non-residual 
paraquat (1-1 '-dimethyl-4,4' -bipyridinium ion) at 0. 75 kg a.i./ha in a 
spray volume of 224 L/ ha. Therefore, this procedure evaluated only 
velvetleaf that emerged in the time interval between sampling periods. 
Thus, information gained was not cumulative but represented dis-
creet time intervals during the growing season. Rainfall data was 
recorded at weather stations located near each site (Figure 1 ). 
RESULTS 
Depth of Emergence During the Growing Season 
At most locations velvetleaf seedlings emerged from successively 
shallower depths in the soil as the season progressed. However, the 
times in the season that this occurred differed between 1978 and 
1979. In 1978 velvetleaf seedlings at Gratiot Co. emerged from 
shallower depths in September than they did earlier (Fig. 2). In .1979 
velvetleaf at Gratiot Co. emerged from shallower depths in early July 
compared to June (Fig. 3), while in Ingham Co. they emerged from 
shallower depths in August compared to June (Fig. 4). No velvetleaf 
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VELVETL.EAF SEEDLING EMERGENCE DEPTH 
MEANS (x) AND FREQUENCY DISTRIBUTIONS 
Figure 2. Changes in the mean ( x ) depth of velvetleaf seedling emergence from 
the soil through the growing season at Gratiot Co., MI in 1978 and the 
proportions emerging from each 10 mm layer of soil (frequency 
distribution). Error bars represent SE. 
emerged after 13 July 1979 at the Monroe Co. site. The emergence 
depths at the Hillsdale Co. site were not different through the 1978 
growing season and ranged between nine and 39 mm below the soil 
surface. In both years at all sites, the variability between plots 
asso.ciated with depth of emergence was less than that found with the 
number~ of emerged seedlings (Tables 2 and 3). Apparently the 
factors that regulate vertical distribution of velvetleaf in the soil are 
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VELVETLEAF SEEDLING EMERGENCE DEPTH 
MEANS (x) AND FREQUENCY DISTRIBUTIONS 
Figure 3. Changes in the mean (x) depth of velvetleaf seedling emergence from the soil through 
the growing season at Gratiot Co., MI in 1979 and the proportions emerging from each 
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Figure 4. Changes in the mean (x) depth of velvetleaf seedling emergence from the soil through 
the growing season at Ingham Co., MI in 1979 and the proportions emerging from each 
10 mm layer of soil (frequency distribution). Error bars represent SE. 
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Table 2. Coefficient of variation (%) of velvetleaf seedling emer-
gence depth in the soil (depth) and plant populations 
(population) through the growing season at several loca-
tions in Michigan during 1978. 




































No apparent relationship exists between monthly rainfall and the 
depth of seedling emergence through the growing season (Fig. 1 ) . In 
1978 in Gratiot Co., the depth of emergence was least in September 
while the monthly rainfall was the greatest. At the same location in 
1979, the depth of emergence was less in July while the rainfall 
decreased in that month relative to June. At the Ingham Co. site in 
1979, the depths of emergence were less in August than in June, while 
the rainfall was much greater in the earlier month. 
Emergence During the Growing Season 
In both years at all sites a large flush of velvetleaf emergence 
occurred prior to the first sampling date (Figs. 5, 6, 7, 8, 9). The 
possibility exists that soil disturbances associated with seedbed 
preparation or seed coat cracking from winter freezing and thawing 
led to this early flush of emergence. There was no further consistent 
pattern of velvetleaf emergence over the growing season in 1978 and 
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Table 3. Coefficient of variation (%) of velvetleaf seedling emer-
gence depth in the soil (depth) and plant populations 
(population) through the growing season at several loca-
tions in Michigan during 1979. 











































1979. In 1978 the data from Hillsdale Co. frtdicate that greater 
numbers of velvetleaf seedlings emerged in June (Fig. 5), while in 
Gratiot Co. greater numbers emerged in mid-July than in-early August 
or mid-September (Fig. 6). In 1979 there were no differences in the 
numbers of velvetleaf that emerged during the sampling periods at 
any of the locations (Figs. 7, 8, 9). In both years considerable 
variability between the numbers of seedlings emerging in the different 
plots in the same time period (Tables 2, 3) was observed. No apparent 
relationship exists either between monthly rainfall or individual rains 
greater than 1.25 cm and the numbers of velvetleaf seedlings that. 
emerged through the growing season (Figs. 1, 5, 6, 7, 8, 9). On the 
other hand, Stoller and Wax (1973) related flushes of velvetleaf 
seedling emergence to rainfalls greater th.an 2 cm. 
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Figure 5. Daily rainfalls (mm) greater than 125 mm and the velvetleaf popula-
tion density (plants/ m 2) through the growing season at Hillsdale Co., 
MI in 1978. Numbers in parentheses represent the SE for t he 
associated population density mean. 
Although no consistent pattern occurred at all locations in both 
years, our data suggest that flushes of velvetleaf emergence could be 
associated with extended periods wherein no individual rainfalls 
greater than .1.25 cm occur. These extended periods could lead to 
drying and cracking of the seed coat, which enables inhibition and 
germination to occur (LaCroix and Staniforth, 1964; Steinbauer and 
Grigsby, 1959). This hypothesis would also be consistent with observa-
tions of germination at shallower depths occurring later in the 
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Figure 6. Daily rainfalls (mm) greater than 125 mm and the vel~etleaf popula-
tion density (plants/ m 2) through the growing season at Gratiot Co., MI 
in 1979. NumbP.rs in parentheses represent the SE for the associated 
population density mean. 
growing season as the soil surface layers dried at increased tempera-
tures. In 1978 in Gratiot Co., a large and variably distributed flush of 
velvetleaf emerged in late June after a five-week period with no 
rainfalls over 1.25 cm (Fig. 6). A smaller flush was recorded in mid-
August after a seven-week period with no heavy rainfalls. In 1979 in 
Gratiot Co., a similar pattern was observed (Fig. 7). No significant 
rainfalls occurred during May and early June. Coinciding with that 
period, large and variably distributed velvetleaf numbers were recorded. 
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Figure 7. Daily rainfalls (mm) greater than 125 mm and the velvetleaf popula-
tion density (plants/ m2) through the growing season at Gratiot Co., MI 
in 1979. Numbers in parentheses represent the SE for the associated 
population density mean. 
After the mid-July sampling date, no extended dry periods or flushes 
of velvetleaf occurred. In Ingham Co. in 1979, two large velvetleaf 
flushes were recorded during a seven-week period with no heavy 
rainfalls from early May to late June (Fig. 8). After that time no large 
weed flushes or extended dry periods occurred. In Monroe Co. in 
1979, no velvetleaf emerged after the first sampling date and no 
extended dry periods occurred after that date (Fig. 9). The exception 
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Figure 8. Daily rainfalls (mm) greater than 125 mm and the velvetleaf popula-
tion density (plants/ m2) through the growing season in Ingham Co. in 
1979. Numbers in parentheses represent the SE for the associated 
population density mean. 
season of velvetleaf emergence occurred after three to four weeks of a 
six-week period with no heavy individual rains (Fig. 5), after late June 
there were extended periods with no heavy rainfalls and no signif-
icant velvetleaf emergence. 
DISCUSSION 
The location that velvetleaf seedlings emerge from in a field is 
highly variable. Even when visual observations suggest a uniform 















































Figure 9. Daily rainfalls (mm) greater than 125 mm and the velvetleaf popula-
tion density (plants/ m2) through the growing season at Monroe Co. in 
1979. Numbers in parentheses represent the SE for~ the associated 
population density mean. 
population density of velvetleaf over a field, there is much variability 
in the numbers of seedlings that emerge in any particular location in 
that field on any particular date in the growing season. Unlike certain 
other weeds (Stoller and Wax, 1973) that often germinate over 
narrow time periods, velvetleaf germination patterns evidently allow 
for a wide variety of environmental and ecological conditions within 
which the seedlings can become established. This strategy favors 
those seeds in the ideal horizontal site in an agricultural field. 
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The situation is different for the vertical distribution from which 
velvetleaf emerges. The sites in this study had velvetleaf seed distrib-
uted throughout the soil profile, yet those seeds that actually 
germinated arose from a relatively narrow vertical profile in the soil. 
These facts suggest the possibility of two dissimilar mechanisms 
controlling horizontal and vertical distribution of velvetleaf seedlings 
in a field. Since velvetleaf emerges from a narrow vertical range in the 
soil profile and from progressively shallower depths later in the 
growing season, the hypothesis that velvetleaf germination is reg-
ulated by seasonally changing soil water, C02, 0 2, and other gradients 
seems most tenable (Mulliken and Kust, 1970). Although rainfall 
patterns do not appear to be related to this, periods in which no 
heavy individual rainfalls occur could lead to seed coat fractures and 
germination (LaCroix and Staniforth, 1964; Steinbauer and Grigsby, 
1959). The relatively narrow range of emergence depths from which 
velvetleaf seedlings emerge also has implications for the efficacy of 
preemergence soil-applied herbicides. If a herbicide depends on 
intimate seed contact for its action, it will be less effective against 
velvetleaf than a herbicide that is taken up and acts on young, 
elongating velvetleaf hypocotyls. 
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ABSTRACT. The administrative structure of the Iowa Outlying Research Center 
(ORC) system of the Agriculture Experiment Station is distinct in comparison to 
systems in most other states. The Iowa system is characterized by: ( 1) research is 
conducted in areas with different environments, (2) the land at most of the 
centers is owned by local non-profit associations, (3) an advisory committee of 
local producers is used to identify research needs, (4) annual progress reports are 
made available, (5) the outlying research centers are available to all agricultural 
researchers at no charge, (6) separate accounts are maintained for each center, 
(7) scientists from the central campus at Ames, Iowa, originate, design, and 
supervise all research projects, (8) although research is the central purpose of the 
outlying centers, extension and teaching staff also utilize the facilities, (9) sale of 
produce accounts for 75% of the budget, and (10) research at the ORC's is limited 
to projects that cannot be conducted at the central station at Ames. 
Index descriptors: Agriculture Experiment Station, agricultural research, 
experimental farms, Outlying Research Centers. 
INTRODUCTION 
The administrative structure of the Iowa system of Outlying 
Research Centers (ORC's) is unique when compared with systems in 
most other states. The ORC system of the Iowa Agriculture and Home 
Economics Experiment Station is described and characterized in this 
paper. 
Although the Iowa ORC system resembles systems in other states, 
it differs in other ways. In total the Iowa system is characterized as 
follows: (1) Its fundamental purpose is the availability of research 
sites in areas of the state with environments different from those at 
the central Experiment Station in Ames. (2) The ownership of land at 
the ORC is by non-profit associations made up of area farmers and 
*Journal Paper No. J-12098 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa, 50011. Paper presented at ''The Agricultural 
Scientific Enterprise: A System in Transition" symposium at Lexington, Kentucky, 
March, 1985. 
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The authors gratefully acknowledge Kay Swenson for assistance in preparation of 
this manuscript. 
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agri-business people, which permits the land to remain on the local 
tax rolls. (3) A formal advisory committee is appointed at each ORC 
and counsels with Experiment Station administrators and scientists 
regarding research needs. ( 4) Annual progress reports of current 
research projects are published for the primary benefit to association 
members. (5) Resources at all locations are available to all researchers 
in the College of Agriculture without charge to the ·department. 
(6) Separate fiscal accounts are maintained for each center. 
(7) Research projects are originated, designed, and supervised by 
scientists from the central campus at Ames. (8) While these ORC's are 
a part of the Experiment Station and have research as the primary 
objective, the resources are also available to and used by Extension 
and teaching staff. (9) Approximately 75% of the ORC budget is 
derived from sale of produce. ( 10) Research on the ORC's is restricted 
to problems that cannot be undertaken at the main station at Ames. 
These characteristics are elaborated in the discussion section. 
BACKGROUND 
The first two outlying research centers established in Iowa were 
the Northern Iowa Center at Kanawha, 70 miles north of Ames, and 
the Soil Conservation Experimental Farm near Clarinda in south-
western Iowa in 1931. The development of others followed in the 
l 940's, primarily as departmental research facilities. 
The Iowa ORC's total eleven. Eight are owned by experimental 
associations. The remaining three sites resulted from gifts to the 
station by individuals: Brayton Forest (310 acres) by Emma Brayton; 
the Allee Center (288 acres) by George Allee; the McNay Center (1,945 
acres) by Harry McN ay. 
As the need for research in outlying areas became more evident, 
and as more interdisciplinary research became necessary, competition 
for funds and departmental ''territorial" interests surfaced. Research 
in the outlying areas of the state is more cumbersome and time 
consuming than is that conducted in the Ames area. From a practical 
standpoint, such research must be coordinated and well supervised. 
To satisfy these needs the administrative and operational responsibility 
for the outlying facilities was centralized in the Experiment Station in 
1949. This new administrative structure served several functions: 
( 1) provided access to ORC resources equally to all College of 
Agriculture research staff based on need, (2) eliminated departmental 
budgeting requests, (3) eliminated inter-departmental competition for 
ORC facilities, ( 4) established a uniform procedure for approving and 
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initiating projects, (5) centralized the budget process for the ORC's, 
(6) permitted free exchange of personnel and equipment, and 
(7) established a simple and clear line of administrative responsibility 
and communication. 
The outlying research facilities established in the 1940s and 
1950s usually involved small acreages; i.e., 29 to 80 acres for an 
individual center. This wide array of relatively small outlying sites was 
deemed necessary at that time because of the wide range of 
environments in Iowa and the need for broad-based information on 
production practices affected by rainfall, length of growing season, 
and soil type. By 1960 when the senior author first became associated 
with these centers, the total number had grown to 22. The budget 
constraints that developed in the 1960s called attention to the high 
financial overhead involved in maintaining this large number of 
research facilities, including staff, for 12 months, when field research 
activities were concentrated in the five or six months encompassing 
the growing season. At about that time, the broadened knowledge 
base was sufficient to permit scientists to interpolat e from one soil 
type and environment to another with considerable confidence. Also 
during this era, tillage equipment increased in size and complexity, 
often rendering hand-tended plots and small field plots inadequate. 
Thus, it was advantageous to consolidate the widespread 22 sites into 
eleven selected locations. By enlarging acreages at the chosen 11 sites, 
(see Fig. 1) consolidation was accomplished without reducing total 
acreage, personnel, or scope of the total outlying research program. 
DISCUSSION 
The ten unique characteristics of the ORC system in Iowa are 
discussed below: 
Availability Of Research Facilities Across The Environmental 
Extremes Of The State. 
Although Iowa measures only 225 miles north to south and 300 
miles east to west at the widest point, it has a wide variety of soils and 
climatic conditions. The soils are developed from both ancient and 
recent glacial activity and as loess. Weathering and aging have further 
modified the parent soil materials. There are over 20 major soil types 
in Iowa. 1 
The northwest corner of Iowa averages less than 26 inches of 
, rainfall annually, whereas in the southeast corner rainfall exceeds 34 
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precipitation fall on frozen soil with little penetration to assist with 
crop production; thus, only an average of 22 inches is available for 
crop production.2 
The average temperature is 46° at the northern border and 56° at 
the southern border of Iowa. In some years, the growing season 
(frost-free days) is 42 days less in the northeast corner than in the 
southeast corner.3 
The environment at the central experiment station in the center 
of the state at Ames (31 inches of precipitation, 49° average tempera-
ture, and moderate frost dates) does not represent any of the four 
quadrants when the state is viewed on that geographical basis.(2,3J 
Thus there is an evident need for research sites out in the state to 
deal with the varied climatic regimes. 
Land Ownership By Non-Profit Associations. 
Although the need for research in specific environmental situa-
tions became evident many years ago, budgetary considerations 
rendered it impossible to accumulate the relatively large sums of 
money necessary to purchase land on which to establish research 
sites throughout the state. 
Ad hoc groups of farmers and agri-business people recognized the 
budgetary constraints of the Experiment Station and sought ways to 
assist. Non-profit corporations were developed, and shares of stock 
were sold. In the 1940s some shares sold for as low as $10 each. In 
recent years (1975) association shares sold for $100 per share. When 
sufficient funds were raised through share purchases, donations, etc., 
sites with suitable soils were sought on which t-0 locate a research 
center. The search and inspection were usually accomplished by a site 
selection committee made up of representatives from the Association 
and subject matter specialists from the University. Once a site was 
selected and land ownership was achieved by the Association, a 
Memorandum of Understanding was developed between the Associ-
ation and the Experiment Station. The station pays an annual lease 
equivalent to the taxes and insurance and provides the equipment 
and personnel necessary to conduct research appropriate to the area. 
The land, as non-state-owned property, remains on the local tax rolls, 
thus avoiding potential problems and adverse public relations in the 
community. 
Appointment Of An Advisory Committee. 
By the time a group of farmers comes together, organize, form a 
corporation, sell shares to raise funds, locate and purchase a site, 
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they have adequately demonstrated their sincerity in their desire to 
support research. Naturally their efforts are not entirely altruistic. 
These people are corning together out of a need and are in pursuit of 
solutions to their problems. But even so, and even after a research 
center is established, they still have the chore of getting research 
workers interested in working on solutions to their problems. 
The Memorandum of Understanding provides for the Association 
to appoint an advisory committee. This committee usually consists of 
a board of directors or an executive committee of the board 
supplemented by one or more extension workers in the area. The 
Advisory Committee meets with the Experiment Station administrative 
representative and research project leaders at least on an annual 
basis and more often if the need arises. Thus producers, researchers, 
and research administrators gather at the conference table to discuss 
mutual areas of interest and to provide some guidance for research at 
the center. This can be an extremely valuable contact between 
academia and the "real world" and is a very worthwhile public 
relations activity. 
One tenet is paramount. The Advisory Committee should function, 
as the name implies, in an advisory role and should not be allowed to 
dictate final decisions as to the research topics and/ or personnel. 
These decisions remain in the domain of the Experiment Station and 
the subject matter department. 
Written Annual Progress Reports. 
Although field days may be held once or perhaps twice each year 
at any given research center, it is not possible for everyone to attend, 
nor is it possible to highlight and discuss every research project 
underway at any given time. Therefore, some areas of research which 
are of interest to some producers may not be covered at these events. 
The Memorandum of Understanding specifies that a written annual 
progress report will be prepared each year and made available to 
each association member. In the case of two of the existing associa-
tions, the reports are mailed to individual members from the main 
campus at Ames under the franking privilege of the Extension 
Service. In the other areas the annual reports are distributed by the 
county extension director to members within their county. Although 
these annual progress reports are prepared in response to the 
commitment in the Memorandum of Understanding, they can be 
obtained by anyone specifically requesting it. Widespread distribution 
is discouraged, because, as the name implies, it is only a progress 
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report, and the results may change, sometimes drastically, with the 
addition of data in subsequent years. 
Resource Availability. 
The major objective in 1949 in centralizing the supervision and 
budgeting activities in the Experiment Station was to relieve the 
University departments of these activities and to assure facility 
accessibility to all individuals and departments in a manner amenable 
to both short and long term needs. 
Therefore, accessibility is a major guiding principle from an 
administrative standpoint, and such availability is provided without 
expense to the subject matter departments. The "no charge" principle 
is justified on the basis that asking a department to reimburse the 
station for facilities used on the ORC's is simply asking departments 
to return monies piecemeal during the year which were allocated by 
the station to the department at the beginning of the year. This would 
be a needless and non-productive bureaucratic maneuver. Further, it 
should be recognized that research conducted at an ORC has been 
approved as an appropriate activity by the subject matter department 
and by the Professor-in-Charge of the ORC's who represents Experi-
ment Station administration. 
Thus to simplify and expedite the research project approval, all 
resources at all outlying centers are made available to all research 
staff (and to Extension and teaching staff in some instances) without 
cost to the staff members or their departments. Thus only one set of 
fiscal records is maintained at the central office of the Outlying 
Research Centers. 
Fund Separation. 
The Memorandum of Understanding provides that income from 
the sale of produce is to be maintained in a separate fund and used to 
support research at that center. Therefore two separate accounts are 
maintained for each outlying center. One account is for the small 
amount of state funds appropriated to take care of incidental and 
current expenses. The second account receives funds derived from 
the sale of produce. This latter fund is carried over from year to year 
and is referred to as a revolving fund. No federal funds are involved in 
any aspect of the ORC operation, although they could be. Occasionally, 
special funds from within the Experiment Station may provide some 
financial assistance; e.g., equipment funds or repair and renovation 
funds. These latter sources have been sporadic and unreliable. 
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Research Project Origin and Supervision. 
One of the major strengths of the Iowa system is the manner in 
which research projects originate and are conducted on the ORC's. No 
doubt the long history of these centers and the mode of operation 
over a long period of time contribute to the smoothness and success 
of the method. All research projects are designed and approved for 
subject matter content by research specialists at Iowa State University. 
This results in the statewide research activities relating to a specific 
subject matter being under the leadership of one individual or group, 
thus providing continuity and uniformity. Because this person or 
group will likely be conducting research at several locations through-
out the state, the possibility of conflicting inter pretations and, thus, 
conflicting recommendations are reduced. In other words, research 
areas of commonality are kept that way because only one person or 
group is conducting and interpreting the research throughout the 
entire state. 
ORC Resource Utilization. 
Research is the goal and the major reason for the existence of the 
ORC system. Quite often, research activities can be used for demon-
stration purposes and as teaching tools. Often such activities are 
performed best by extension personnel who are trained in such 
matters. In addition to the actual field plots per se, the results 
published in the annual progress reports serve as an excellent 
subject-matter source for Extension in its continuing education 
programs. Field days at the centers are another example of research-
extension staff collaboration. The overall function of the University, 
the Experiment Station, the ORC's, Extension, and the teaching staff 
is to serve the public. The ORC's serve as an excellent example of the 
fulfillment of these expectations. 
Fund Sources. 
In all cases, areas exist at each site that are unsuitable for 
research or, at given times, unused for such. Such areas are cropped 
or otherwise utilized to generate income in support of research. 
Income is deposited in the research centers revolving account, which 
is maintained from year to year without reversion to the University or 
the State General Fund. About 78 percent of the total expenditures 
required to operate the ORC system comes from the sale of produce 
from these centers. 
Suitable Research Projects. 
The underlying philosophy of the Iowa ORC system is to provide 
facilities for projects dealing with research topics that cannot be 
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performed at the central station in Ames because of environmental 
differences. Agronomic research concerning soil type, growing season, 
and rainfall is frequently done on the ORC's. Agricultural engineering 
research of soil drainage, erosion control, and soil compaction is 
suitable for the outlying centers. A majority of the forage, grazing, 
forestry, and horticulture studies are located on ORC's. In general, 
any research that requires an environment (here considered as soil, 
topography, or climate) different from that of the main station at 
Ames, is suitable for the ORC system. 
ADMINISTRATIVE STRUCTURE 
The day-to-day administration of the ORC's is the responsibility of 
the Professor-in-Charge, who is responsible to the Director of the 
Agriculture and Horne Economics Experiment Station. Assisting the 
Professor-in-Charge is a manager, who is responsible for coordinating 
machinery and equipment needs, cropping plans, and safety programs. 
The central ORC office is also staffed by a secretary and a bookkeeper. 
Projects are initiated from within departments by individual 
research staff members. Following preparation of the proposal by an 
individual or a research team, approval of the subject matter is 
obtained from a department head. The proposal is then forwarded to 
the Professor-in-Charge, whose review and approval is based on the 
perceived ability of the ORC involved to service the proposed 
research. Once the Professor-in-Charge approves the proposal, the 
project leader and the ORC Superintendent involved are notified and 
instructed to confine all future communications regarding protocol 
between them. This minimizes the opportunity for a breakdown in 
communication. The Professor-in-Charge usually does not become 
involved again unless the project is significantly modified or problems 
of some type arise. The project leader continues to be responsible to 
his department regarding subject matter. 
A continuing challenge in administering the Iowa ORC system is 
that of applying the increasing number of rules and regulations to the 
operation of these off-campus facilities. In general, the procedures for 
personnel, purchasing, accounting, payroll, etc., are designed to 
expedite and control activities on the central campus. In some 
instances, these procedures do not enhance the operation of off-
carnpus facilities. Therefore, the Professor-in-Charge must interpret 
and react to procedural guidelines with the ORC system in mind. This 
often results in the necessity to ask for deviations and variances from 
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the overall rules. It is helpful if the Professor-in-Charge is able to 
participate in formulating procedural guidelines so that the need for 
such deviations is recognized as early as possible. 
LOOKING TO THE FUTURE 
The Iowa ORC system is ideal for utilizing the advantages of state-
of-the-art computer technology. Application of high-speed electronic 
communication and automated data collection and transfer will be 
particularly beneficial. Using computer technology to link the ORC's to 
the central campus, however, is a challenge not yet accomplished. 
This is on our agenda for the remainder of the 80s. Certainly 
computer automation is capable of bridging the distances and 
enhancing the favorable history of these centers to date. 
As progress is made in computer applications, efforts will 
continue in assisting ISU Extension and teaching personnel in 
utilizing research data from the ISU ORC system. The Iowa Extension 
organizational plan does not at present coincide territorially with the 
ORC system. Nevertheless, extension staff and researcher cooperation 
is essential to the success of the total objective of Iowa State 
University in obtaining and disseminating research information. 
As ISU continues to move into biotechnology, the ORC's will need 
to assist by serving as sites for testing and application of new 
knowledge derived from biotech products and techniques. The ques-
tions raised by biotechnological advances are nearly endless. In 
addition, the ORC system must provide leadership for enhancing and 
continuing communication between researcher, extension worker, 
farmer, and businessman. 
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EFFECT OF DIFLUBENZURON ON 
EUROPEAN CORN BORER LARVAE 1•2 
E. C. Berry3, A. A. Faragalla4, L. C. Lewis5, and W. D. Guthrie5 
91-97 
ABSTRACT. The effect of diflubenzuron on European corn borer, Ostrinia 
nubilalis (Hubner) , larvae was determined. As a result of treatments, larvae, 
pupae, and adults exhibited a number of different abnormalities. Larval mortality 
was more closely associated with the total time they were exposed to difluben-
zuron than associated with a particular instar. The effects from ECB larvae 
feeding on a diflubenzuron-treated diet were manifested in larval mortality and 
also during subsequent stages. 
Index descriptors: European corn borer, Ostrinia nubilalis (Hubner) , difluben-
zuron, insecticide, growth regulator. 
INTRODUCTION 
Diflubenzuron, a selective insecticide with a novel mode of action 
(Mulder and Gijswijt, 1973; Wellinga et al., 1973a, 1973b) is a potent 
stomach toxicant for larvae but not adult insects (Elings and 
Dieperink, 197 4; Jakob, 1973; Schaefer et al., 1975; Granett and 
Dunbar, 1975). The mode of action of diflubenzuron is inhibition of 
cuticle deposition (Van Daalen et al., 1972) or chitin biosynthesis 
(Post and Vincent, 1973), which interferes with endocuticle forma-
tion. Larvae ingesting diflubenzuron appear normal until they reach 
the apolytic stage, at which time the molting process is aborted or 
inhibited (Post et al., 1974; Tamaki and Turner, 1974), and the larvae 
die. 
Diflubenzuron killed early-instar larvae of the alfalfa weevil, 
Hypera postica (Gyllenhal) (Neal, 1974), the cotton leafworm, 
1Joint contribution: Agricultural Research Service, United States Department of 
Agriculture; Journal Paper No. J9653 of the Iowa Agriculture and Home Econom-
ics Experiment Station, Ames, IA 50011. Project No. 2513. 
2Mention of a commercial product in this research paper does not constitute an 
endorsement of this product by the USDA or its cooperators. 
3Entomologist, USDA-ARS, Corn Insects Research Unit, Ankeny, IA 50021. 
4Former research assistant. Present address: Department of Crop Protection, 
Riyad University, Riyad, Saudi Arabia. 
5Entomologist, USDA-ARS, Corn Insects Research Unit, Ankeny, IA 50021; and 
Professor of Entomology, Department of Entomology, Iowa State University, Ames, 
IA 50011. 
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Spodoptera littoralis Boisd (Ascher and Nemny, 1976; Rizk and 
Radwan, 1975), and the pink bollworm, Pectinoplwra gossypiella 
(Saunders) (Flint and Smith, 1977). The ingestion of sublethal doses 
of diflubenzuron by larvae induced abnormalities and deformities that 
were expressed later in smaller sizes and weights of larvae, pupae, or 
adults. The cumulative effects of diflubenzuron were manifested in 
reduction or failure of adult emergenc2 in the pink bollworm (Flint 
and Smith, 1977), the house fly, Musca domestica L., face fly, M. 
autumnalis DeGreer (Miller, 1974), and the house fly and stable fly, 
Stomoxys calcitrans L. (Wright, 1974). Berry et al. (1980) reported 
that corn plants treated with diflubenzuron had significantly fewer 
normal European corn borer (ECB), Ostrinia nubilalis (Hubner), 
larvae and less stalk damage than did untreated corn plants. 
Abnormal larvae were discolored, had a ruptured cuticle, were 
trapped within their old exuviae, had swollen bodies, or stunted 
growth. 
Larvae that ingest a lethal dose of diflubenzuron die during the 
succeeding molt. Those that ingest lesser amounts, however, may 
exhibit the effects of this chemical during the late larval, pupal, or 
adult stages (Mulder and Gijswijt, 1973). Herein, we report research 
designed to determine if diflubenzuron affects the ECB in a similar 
way and to determine the larval stage (instar) most affected by 
diflubenzuron. 
METHODS AND MATERIALS 
Diflubenzuron was dissolved in acetone and diluted with distilled 
water. Dilutions were prepared as described by Harding and Dyar 
( 1970) and were applied topically with an automatic pipette to 5 ml 
of meridic diet (Lewis and Lynch, 1969) in 30-ml plastic jelly cups in 
0.2 ml distilled water I cup. Criteria for determining the effect of 
diflubenzuron on the ECB were: ( 1) larval mortality, (2) percent of 
normal pupation, and (3) percent of normal adult emergence. 
The ECB is an external feeder for the first four instars; some 4th-
and 5th-instar larvae enter the cornstalk (Lewis et al., 1973). If 
diflubenzuron were applied in the field , the larvae would lose contact 
with the compound between the 4th- or early 5th-instar stage and 
would complete development without again coming in contact with 
the compound. Therefore, we conducted an experiment to determine 
the larval stage (instar) most affected by diflubenzuron. We used a 
split-split plot design. Whole plots consisted of two concentrations of 
diflubenzuron; six ages of larvae on the sub-plot; and order of larval 
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transference on the sub-sub-plot. Preliminary data indicated an LD50 
value of ca. 100 ppm against the ECB; therefore, we selected 
concentrations of 62.5 and 125.0 ppm for the test concentrations. 
Order of larval transference consisted of either transferring larvae 
from treated diet to untreated diet (T-UT) or larvae transferred from 
untreated diet to treated diet (UT-T). Each treatment was replicated 
four times with 25 larvae/ treatment, using a total of 2400 larvae for 
the experiment. 
Larvae were prepared in one of two ways: ( 1) Larvae were reared 
on treated diet for 1, 3, 5, 7, 9, or 11 days and then were transferred 
to untreated diet to complete their development. Prior to transfer, the 
number of surviving larvae was recorded. (2) The reciprocal of the 
above procedure was carried out; larvae were reared on untreated 
diet for 1, 3, 5, 7, 9, or 11 days and then were transferred to 
diflubenzuron-treated diet to complete their development. Larvae 
used as untreated controls were transferred from untreated to 
untreated diet at 1, 3, 5, 7, 9, and 11 days of age. 
RESULTS AND DISCUSSION 
Larval abnormalities consisted of larvae that were blackened, 
swollen, smaller than normal, trapped within their old exuviae, or had 
patches of ruptured cuticle. Pupal abnormalities consisted of pupae 
that retained the larval head and appendages, smaller size than 
normal, or areas of unsclerotized cuticle. Abnormalities in the adult 
consisted of individuals with crimped or folded wings, noticeably 
smaller in size as compared to normal moths, and individuals that 
were unable to emerge from the pupal case. 
In the experiment to determine the instar most susceptible to 
diflubenzuron, both concentrations of diflubenzuron (62.5 and 125.0 
ppm) were effective in reducing the number of normal larvae as 
compared to the untreated control (62.5 ppm-48.9%; 125.0 ppm-
41.1%; control-96.6%). A significantly higher percentage of normal 
larvae were recovered from the lower rate. No significant differences 
were obtained between rates of diflubenzuron for percentage mortality, 
pupae, or adult emergence. Larval age (instar) was significant only in 
the percentage survival and numbers of normal larvae recovering 
categories. 
The order in which the larvae were transferred, treated diet to 
untreated diet or from untreated diet to treated diet, were significant 
in percentage normal larvae recovered, normal pupae, and normal 
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Figure 1. Effect of difluhenzuron on European corn borer larvae. Solid bar = 
number of days larvae remained on treated diet before being trans-
ferred to untreated diet; lined bar= number of days larvae remained on 
untreated diet before being transferred to treated diet. 
Larval transference scheme, percentage of larval survival, normal 
larvae at pupation, normal pupae, and .normal emergence are pre-
sented in Figure 1. Larval survival is expressed as a percentage of the 
original test population, percentage normal larvae at pupation as a 
percentage of the surviving larvae, percentage normal pupae as a 
percentage of the normal larvae at pupation, and percentage normal 
emergence as a percentage of the normal pupae. A high degree of 
mortality was exhibited by the larvae regardless of time of exposure 
on the diflubenzuron-treated diet. Larval . survival in the untreated 
controls ranged from 93-97%, whereas only 57% of the larvae 
survived that were fed for a single day on diet treated with 
diflubenzuron. Larval mortality increased with increased exposure 
time regardless of treatment sequence, e.g., whether larvae were 
exposed during early or late larval life. Larval mortality was more 
closely associated with the total time larvae were exposed to 
diflubenzuron than associ<;ited with a particular instar. Theoretically, 
if the effects of di:flubenzuron were associated with a particular instar, 
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percentage mortality should increase abruptly once this instar is 
exposed. An examination of the data suggest, however, that expo-
sures during the first part of larval life may be more important than 
exposures during the latter instars [i.e., treatment sequences T (5)-
UT (11) vs. UT (11)-T (5); T (7)-UT (9) vs. UT (7)-T (9); and 
T (9)-UT (7) vs. UT (9)-T (7) ]. Latent effects (e.g., responses that 
are manifested during later stages) were evident when larvae were 
exposed to the treated diet during the latter instars. Percentage 
pupation for larvae exposed to treated diet during the first part of 
larval life was higher (90.8% normal pupation) than when the larvae 
were exposed during the latter stages (73.5% normal pupation). 
Latent effects were also observed during emergence, again more 
predominant when the larvae were exposed during early life as 
compared to those exposed during the later portion of larval life 
(81.7% and 52.0%, respectively). 
The data reported herein and those reported by Berry et al. 
( 1980) demonstrate that diflubenzuron could be used effectively in 
managing populations of ECB. Effectiveness of the chemical, however, 
depends upon larval age as well as the total time that the larvae are 
exposed. ECB larvae feed primarily within the whorl or behind the 
leaf sheath and thus would be exposed to the diflubenzuron for a 
relatively short period of time. Any environmental condition that 
might alter the time of migration from the point of egg deposition, 
normally on the underside of the leaf, to the "protected" feeding site 
would alter the effectiveness of the chemical. Also, since the effective-
ness of diflubenzuron may not be manifested until subsequent stages 
and time of pupation may be delayed, the resulting moths would not 
be synchronized with the indigenous population. This effect would 
also reduce subsequent populations. 
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EIGHT NEW SPECIES OF CHUSQUEA 
(POACEAE: BAMBUSOIDEAE) 
Lynn G. Clark1 
99-122 
ABSTRACT. Eight new species of the neotropical bamboo genus Chusquea 
(Poaceae: Bambusoideae) are described and illustrated. Of these new species, C. 
paludicola and C. maclurei are unknown in flowering condition and are 
recognized as distinct taxa on the basis of vegetative features. Four of the species, 
C. paludicola, C. deflexa, C. foliosa, and C. patens, are found only in Central 
America, while the other four, C. neurophylla, C. smithii, C. maclurei, and C. 
aspera, are restricted to the central Andean region of South America. Chusquea 
paludicola, C. deflexa, C. neurophylla, and C. smithii are typical of high altitude 
bogs or grasslands, with C. maclurei, C. aspera, C. foliosa, and C. patens occurring 
at middle to high altitudes in cloud forest. 
Index descriptors: Chusquea, Bambusoideae, bamboos. 
INTRODUCTION 
The neotropical Chusquea Kunth, comprising approximately 120 
species, is one of the most diverse genera of bamboos. During the 
course of herbarium studies and field work for my dissertation 
research on this gen us, I discovered several new species, eight of 
which are described and illustrated in the present paper. Two of these 
species, C. paludicola and C. maclurei, are unknown in flowering 
condition and are recognized as distinct taxa solely on the basis of 
vegetative differences. For explanation of terminology relating to the 
vegetative parts, especially buds and branching, see Clark (1985). In 
the specimen citations, a flowering specimen is indicated by the 
insertion of (FL) after the collection date, and CIA is a convenient 
abbreviation for the Carretera Interamericana (the Panamerican 
Highway). Herbarium acronyms are those of Holmgren, Keuken, and 
Schofield (1981). L:W of leaf blade is proportionate length/ width 
ratio; i.e. , "L:W=l 7-30" means the blades are 17-30 times as long as 
wide. 





Figure 1. Chusquea paludicola (Pohl & Clark 14600). A. Leafy branch comple-
ment. B. Culm leaf, adaxial view. C. Intravaginal branching with 
splitting of culm leaf due to branch proliferation. Bars = 1 cm. 
Chusquea dejlexa (Pohl 12571). D. Inflorescence, bar =="= 1 cm. E. Leaf 
complement, bar= 1 cm. F. Spikelet, bar= 1 mm. 
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TAXONOMIC DESCRIPTIONS 
Chusqueapaludicola Clark, sp. nov. (Fig. la-c) 
Culmi erecti, usque ad 0.8 cm diametro, 1.5-3 m alti. Folia 
culmorum 10-12 cm longa: vaginae persistentes, triangulares, 8-10 cm 
longae, 3.8-5.5 cm latae basi, 3-6.5-plo longior quam laminae, glabrae 
vel hirsutae basi; laminae persistentes, late triangulares, apicibus 
subulatis, 1.4-2.5 cm longae, glabrae. Nodi ad culmum medium gemma 
centralis singularis triangularis subtenta a gemmis numerosis parvior-
ibus subaequantibus. Ramificatio intravaginalis. Folia 4-6 in comple-
mento: laminae plus minusve erectae, rigidae, apicibus setosis, basibus 
attenuatis, 7-15 cm longae, 0.4-0.6 cm latae, superne et inferne 
tessellatae. lnflorescentia ignota. 
Culms erect, to 0.8 cm diam., 1.5-3 m tall. Internodes terete, 
slightly flattened for nearly the full length above the central bud, solid, 
becoming fistulose, 8-14 cm long, golden-yellow, smooth, with a thin 
waxy exudate covering the surface. Culm leaves extending approxi-
mately to the next node, 10-12 cm long, the juncture of sheath and 
blade an inverted "V," abaxially obscure; sheaths persistent for some 
time, eventually splitting and falling, triangular, 8-10 cm long, 3.8-5.5 
cm wide at base, 3-6.5 times as long as blade, abaxially smooth and 
glabrous to hirsute at the base, sometimes hirsute (hairs appressed) 
on the lower half, adaxially smooth, shiny, the apex broad, the 
margins ciliate; blades erect, persistent, broadly triangular, 1.4-2.5 cm 
long, abaxially smooth, adaxially striate, smooth, the apex subulate, 
the margins ciliate; girdle 1-2 mm wide, glabrous to pubescent, the 
juncture of sheath and girdle pubescent; inner ligule 1-1.5 mm long. 
Nodes swollen, at mid-culm with one triangular central bud subtended 
by numerous smaller subsidiary buds; sheath scar almost horizontal; 
supranodal ridge prominent. Branching at least initially intravaginal, 
with the branches erect but breaking through the base of the sheath 
and splitting it as they proliferate, thus branching often appearing 
extravaginal on the main culm; branching on the central branches 
clearly intravaginal; central and subsidiary buds developing quickly 
and more or less simultaneously, with the central branch remaining 
larger; all subsidiary branches erect, 8-10 cm long, rebranching from 
the base only; 28-33 branches present in the mature complement. 
Foliage leaves 4-6 per complement; sheaths carinate, striate, glabrous, 
the margins ciliate near apex; blades more or less erect, stiff, 7-15 cm 
long, 0.4-0.6 cm wide, L:W=l 7-30, the adaxial surface glabrous, 
tessellate, the abaxial surface glabrous to pilose, tessellate, greenish-
yellow, the apex setose, the margins cartilaginous but narrow, smooth 
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to scabrous, the base attenuate; pseudopetiole indistinct, 1-1.5 mm 
long; outer ligule lacking or present as a mere rim; inner ligule 
tapering, 2-8 mm long. Inflorescence unknown. 
Type: COSTA RICA: San Jose: Chusquea-Lomaria-Sphagnum bog, 
W side of CIA, Km 70, 2700 m, 31 Dec 1984, Pohl & Clark 14600 
(Holotype: ISC; Isotypes: CR, F, K, MO, US). 
Other specimens examined: COSTA RICA: CARTAGO: bog along 
Interamerican highway, Km 68.5, 1 May 1985, Horn 206 (ISC); 
Lomaria-Sphagnum bog, along E side of CIA at Km 68, 31 Dec 1984, 
Pohl & Clark 14604 (CR, ISC, MO, US); 19.6 km by road SE of El 
Empalme, along CIA, 27 Jun 1976, Pohl & Pinette 13282 (F, ISC, MO); 
SAN JOSE/ CARTAGO: en zona marginal a una turbera situada a 20 
kms sur de El Empalme (Santa Maria de Dota), Carretera Inter-
americana Sur, Arrieta G. s. n. (CR). 
Although unknown in flowering condition, this species is distinct 
enough vegetatively to merit specific recognition. Chusquea paludicola 
is characterized by its culm leaves with broadly triangular, glabrous 
blades, swollen nodes, numerous subsidiary branches and narrow 
foliage leaves with relatively long, tapering inner ligules. The numerous 
subsidiary branches and long, tapering ligules suggest that it is 
probably most closely related to C. tonduzii Hackel. 
The two known populations of C. paludicola are found in 
Lomaria-Sphagnum bogs along the Interamerican Highway north of 
Cerro de La Muerte, Costa Rica. A number of these bogs occur in this 
area, and it may be that this species is more widespread than current 
records indicate. Clumps of this bamboo occur in the bog proper, 
usually on mounds of Sphagnum. In reaching into these mounds to 
pull up young shoots, we discovered that the temperature inside the 
mounds was noticeably warmer that the ambient air. The heat is 
probably a by-product of respiratory activity and may provide a more 
favorable microhabitat for this bamboo. 
Chusquea deflexa Clark, sp. nov. (Fig.ld-f) 
Culmi erecti, 0.8 cm diametro, 1-2 m alti. Foli a culmorum ignota. 
Ramificatio intravaginalis. Folia 4-7 in complemento: laminae erectae, 
rigidae, apicibus subulatis, basibus rotundatis, 7.5-13.5 cm longae, 
1-2.2 cm latae, suptrne glabrae, inferne glabrae, tessellatae. In-
florescentia angusta, non congesta, paniculata, 7-11 cm longa; rhachis 
complanata, puberula; rami ascendentes, angulati, puberuli; pedicelli 
1-3 mm longi, deflexi, basi pulvini prominentes. Spiculae 5.5-6.4 mm 
longae. Glumae 2: gluma I acutata, 0.6-1 mm longa, 0 -nervis; gluma II 
acutata, 0.9-1.5 mm longa, 0-1-nervis. Lemmata sterilia 2: lemma 
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sterile I apiculatum, 4.2 mm longum, 3- vel 5-nerve; lemma sterile II 
apiculatum, 4.4-4.8 mm longum, 5-nerve. Lemma fertile apiculatum, 
5.6 mm longum, 9-nerve. Palea bicarinata, apiculata, 5.7 mm longa, 
apicem versus pubescentem, 4-nervis. 
Culms erect, 0.8 cm diam., 1-2 m tall. lnternodes terete, solid in 
younger parts, becoming fistulose, to 12 cm long, golden-yellow, 
smooth, covered over much of the surface with a waxy exudate. Culm 
leaves incompletely known; sheaths persistent for a time, then 
shredding and disintegrating, blades apparently caducous; girdle 
apparently not developed. Nodes swollen; sheath scar nearly horizontal; 
supranodal ridge prominent. Branching intravaginal; central bud 
apparently developing simultaneously with the subsidiary buds, usually 
remaining recognizably larger than the subsidiary branches; all 
branches erect and occasionally rebranching, 7-15 branches per 
complement; leafy branches to 30 cm long. Foliage leaves 4-7 per 
complement; sheath carinate, glabrous, the margins smooth; blades 
erect, stiff, 7.5-13.5 cm long, 1-2.2 cm wide, L:W=6-9, the adaxial 
surface glabrous, the abaxial surface glabrous, tessellate, greenish-
yellow, the apex subulate, the margins cartilaginous, smooth to 
minutely scabrous, the base rounded; pseudopetiole distinct, 1.5-3 
mm long; outer ligule a mere rim or usually 0.5-1 mm long; inner ligule 
rounded to tapering, 1-2.5 mm long, abaxially pubescent. Inflorescence 
a narrow panicle 7-11 cm long, not fully exserted from the subtending 
sheath; rachis complanate, one side flattened, the other ridged, 
puberulent; branches ascending, arising only from the ridged side of 
the rachis, angular, puberulent, the lower ones to 1.5 cm long; pedicels 
1-3 mm long, stiff, angular, puberulent, bending_away up to 90° from 
the primary branches by means of the prominent pulvinus at the base 
of each pedicel. Spikelets 5.5-6.4 mm long. Glumes 2; glume I less than 
1/5 the spikelet length, 0.6-1 mm long, acute but blunt, glabrous, 
nerves lacking; glume II up to 1/ 4 the spikelet length, 0.9-1.5 mm long, 
acute but blunt, glabrous, nerves lacking or 1-nerved. Sterile lemmas 
2; sterile lemma I 3/ 4-2/ 3 the spikelet length, 4.2 mm long, apiculate, 
abaxially scabrid-pubescent below apex, adaxially pubescent just 
below apex, marginally ciliolate toward apex, 3- or 5-nerved; sterile 
lemma II 3/ 4 the spikelet length, 4.4-4.8 mm long, apiculate, abaxially 
scabrid-pubescent below apex, adaxially pubescent just below apex, 
marginally ciliolate toward apex, 5-nerved. Fertile lemma 5.6 mm 
long, apiculate, abaxially scabrous below apex, adaxially pubescent 
just below apex, marginally ciliolate toward apex, 9-nerved. Palea 2-
keeled, sulcate just near the apex, 5. 7 mm long, apiculate, abaxially 










Figure 2. Chusquea neurophylla. A. Branch complement, bar = 1 cm. B. Outline 
of foliage leaf blade in cross-section, bar = 1 mm. C. Culm leaf, abaxial 
view, bar = 1 cm. D. Leaf complement, bar = 1 cm. E. Spikelet, bar = 1 
mm. F. Inflorescence, bar= 1 cm. (A, C based on Barbour 3547; B, D-F 
based on Andre 4516.) Chusquea smithii (Smith 7730) . G. Foliage leaf 
blade, bar = 1 cm. H. Inflorescence, bar = 1 cm. I. Spikelet, bar = 1 
mm. J . Habit, bar = 1 cm. 
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4-nerved. Lodicules 2(?); anterior ones 1.2 mm long, apically ciliate; 
posterior lodicule not found. Stamens 3; anthers 2. 7 mm long. Fruit 
unknown. 
TYPE: EL SALVADOR: Dpto. Santa Ana: summit of Cerro Monte 
Cristo, juncture of El Salvador, Honduras and Guatemala, 2418 m, 10 
Jul 1971 (FL), Pohl 12571 (Holotype: ISC; Isotype: MO). 
Other specimens examined: EL SALVADOR: Dpto. SANTA ANA: 
elfin woodland at summit of Cerro Monte Cristo, 18 Jan 1959, Allen 
7168 (US); Hda. Montecristo, Cerro Miramundo Cloud Forest, summit 
of Cerro Montecristo, 10 Mar 1973, Steinhauser MC-4 (US). 
Chusquea deflexa is known only from its type locality on the 
summit of Cerro Monte Cristo, at the juncture of El Salvador, 
Guatemala and Honduras. This species is characterized by its narrow, 
but not congested, panicle with ascending primary branches and 
reflexed, stiff pedicels, with a prominent pulvinus visible at the base of 
each pedicel. Chusquea deflexa may be more widely distributed, 
particularly in the mountains of Guatemala and Honduras, but 
further collecting in those troubled areas may be difficult or impossible 
in the near future. A good vegetative collection, including culm leaves 
and bud complements, would be particularly welcome. 
Chusquea neurophylla Clark, sp. nov. (Fig. 2a-f) 
Cul mi erecti, usque ad 4 mm diametro, usque ad 1 (-3) m al ti. 
Folia culmorum 6.5-8.5 cm longa, chartacea: vaginae persistentes, 
anguste-rectangulares, 4-5 cm longae, usque ad 1.1 cm latae basi, 1.5-
plo longior quam lamina, striatae, glabrae; laminae apparenter 
deciduae, anguste-triangulares, apicibus brevibus subulatis, basis 
leviter rotundata, 2.5-3.3 cm longae, striatae, glabrae. Nodi ad culmum 
medium gemma centralis singularis triangularis 2 gemmis parvioribus 
subaequantibus lateribus. Ramificatio intravaginalis. Folia 3-9 in 
complemento: laminae erectae, rigidae, lineares, apicibus apiculatis, 
navicularibus, ad marginem cartilaginea, basibus attenuatis, 3-8 cm 
longae, 2-2.5 mm latae, nervis plerumque tres, superne prominentibus, 
inferne glabrae, non tessellatae, nervo medio prominenti. lriflorescentia 
angusta, non congesta, paniculata, 4-11 cm longa; rhachis sinuolata, 
complanata, glabra; rami appressi, angulati, glabri. Spiculae 5.7-6.4 
mm longae, castaneae. Glumae 2: gluma I acutata, 0.3-0.8 mm longa, 
0-1-nervis; gluma II rotundata, 0.4-1.2 mm longa, 0-1-nervis. Lemmata 
sterilia 2: lemma sterile I apiculatum, obtusatum, naviculari, 2. 7-3.6 
mm longum, 3-nerve; lemma sterile II apiculatum, obtusatum, 3-4 mm 
longum, 3-5-nerve. Lemma fertile apiculatum, obtusatum, 5.3-5.4 mm 
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longum, 5-, 7- vel 9-nerve. Palea bicarinata, apiculata, obtusata, 4.9-
5.4 mm longa, apicem versus pubescentem, 4-nervis. 
Culms erect, to 4 mm diam., to approximately 1 (-3) m tall. 
Internodes terete, may be flattened or shallowly sulcate above the 
central bud, solid, becoming slightly fistulose, 5-8.5 cm long, golden-
yellow, smooth, sometimes with a thin waxy exudate covering the 
surface. Culm leaves not extending to next node, 6.5-8.5 cm long, 
juncture of sheath and blade visible as a faint line abaxially, 
chartaceous; sheaths persistent, shredding and disintegrating in 
place, narrowly rectangular, 4-5 cm long, to 1.1 cm wide at base, 
about 1.5 times as long as blade, abaxially and adaxially striate, 
glabrous, the margins glabrous; blades erect, apparently deciduous, 
narrow triangular, 2.5-3.3 cm long, abaxially and adaxially striate, 
glabrous, the apex short-subulate, girdle not developed; inner ligule to 
0.5 mm long, glabrous. Nodes slightly swollen, at mid-culm with one 
triangular central bud which may be flanked by one smaller subsidiary 
bud on each side; sheath scar horizontal; supranodal ridge more or 
less prominent. Branching intravaginal, central and subsidiary buds 
developing simultaneously with the central branch remaining slightly 
larger; all branches erect, to 8 cm long excluding inflorescence; the 
subsidiary branches sometimes rebranching from the base, usually 8-9 
branches present in the mature branch complement. Foliage leaves 
3-9 per complement; sheaths carinate, striate, glabrous, the margins 
ciliolate near apex; blades erect, stiff, very thick, linear, boat-shaped, 
3-8 cm long, 2-2.5 mm wide, L:W=15-32, the adaxial surface glabrous, 
with the 3-5 nerves (including midrib) very prominent, forming ridges 
the length of the blade, the abaxial surface glabrous, not tessellate, 
the midrib very prominent, forming a keel which gives the blade a 
V-shape in cross section, the secondary nerves not projecting but 
lighter in color, greenish-yellow, the apex apiculate, the margins 
strongly cartilaginous, scabrous, the base attenuate; pseudopetiole 
more or less distinct, 1-1.5 mm long; outer ligule lacking or present as 
a mere rim; inner ligule truncate, 0.2-0.5 mm long. Inflorescence a 
narrow but not congested panicle 4-11 cm long, usually fully exserted 
but the peduncle not long; rachis slightly sinuate, one side flattened, 
the other somewhat angular, glabrous; branches appressed, arising 
only from the angular side of the rachis, angular, glabrous, the lower 
ones to 2 cm long, bearing relatively few spikelets; pedicels appressed, 
angular, 2-8 mm long, glabrous. Spikelets 5.7-6.4 mm long, dark 
brown. Glumes 2; glume I up to 1/ 10 the spikelet length, 0.3-0.8 mm 
long, acute, glabrous,, 0-1-nerved; glume II less than 1/ 6 the spikelet 
length, 0.4-1.2 mm long, rounded, glabrous, 0-1-nerved. Sterile lemmas 
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2; sterile lemma I about 5/ 8 the spikelet length, boat-shaped, 2.7-3.6 
mm long, apiculate but blunt, adaxially pubescent just below apex, 
marginally ciliate near apex, 3-nerved; sterile lemma II 2/ 3-5/ 8 the 
spikelet length, 3-4 mm long, apiculate but blunt, adaxially pubescent 
just below apex, 3-5-nerved. Fertile lemma 5.3-5.4 mm long, apiculate 
but blunt, adaxially pubescent just below apex, marginally ciliate near 
apex, 5-9-nerved. Palea 2-keeled, sulcate near apex only, 4.9-5.4 mm 
long, apiculate but blunt, abaxially pubescent near apex, marginally 
ciliate, 4-nerved. Lodicules 3; 0.8-1.4 mm long, apically ciliate, all 
vasculated; posterior lodicule narrower than the 2 anterior ones. 
Stamens 3; anthers 2.7-3.4 mm long. Ovary 2.1 mm long including 
stigmas, glabrous. Fruit unknown. 
Type: ECUADOR: Inter Riobamba et Alaus1. In Cordillera centrali 
andinum, 2900 m, Jul 1876 (FL), Andre 4516 (Holotype: K; Iso-
types: K). 
Other specimens examined: ECUADOR: LOJA, Lehmann s. n. 
(K); Muletrack Amaluza-Palanda, near the pass (at Laguna Arevia-
tadas Pilares), 22 Sep 1976 (FL), Ollgaard & Balslev 9690 (NY). 
PERU: Depto. AMAZONAS: Prov. Bagua, Cordillera Colan NE of La 
Peca, 10 Sep 1978 Barbour 3547 (MO, US). 
Chusquea neurophylla is distinguished by its narrow, strongly 
ridged leaf blades that are V-shaped in cross-section, and blunt 
spikelets. This species inhabits high altitude grasslands in northern 
Peru and Ecuador. 
Chusquea smithii Clark, sp. nov. (Fig. 2g-i) 
Culmi erecti, plerumque non ramosi, usque ad 2 mm diametro, 
usque ad 1 m alti. Folia culmorum non evidentia. Nodi ad culmum 
medium gemma centralis singularis triangularis, gemmae subsidiariae 
nullae. Ramificatio intravaginalis. Folia 8-10 in complemento: laminae 
erectae, rigidae, apicibus setosis, ad marginem cartilaginea, basibus 
rotundatis-truncatis, 5.7-7 cm longae, 0.7-0.9 cm latae, superne 
glabrae, inferne glabrae, non tessellatae. lnflorescentia angusta, 
congesta, secunda, paniculata, 7-8 cm longae, per vagina partim 
inclusa; rhachis complanata, puberula; rami reducti, appressi, angulati, 
puberuli. Spiculae 7. 7-9.5 mm longae. Glumae 2: gluma I squamiformis, 
0.2-0.3 mm longa, glabra; gluma II squamiformis, 0.3-0.4 mm longa, 
glabra. Lemmata sterilia 2: lemma sterile I acutum, 4.2-5.8 mm 
longum, 1-nerve; lemma sterile II acutum, 7-8.5 mm longum, 3-nerve. 
Lemma fertile apice apiculato, 7.6-9.2 mm longum, 5- vel 7-nerve. 
Palea bicarinata, acuta, obtusata, 7-7.9 mm longa, 4-nervis. 
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Rhizomes pachymorph. Culms erect, usually unbranched, to 2 
mm diam., to 1 m tall. Internodes terete, fistulose, 2.5-3 cm long, pale 
yellow, smooth appearing waxy. Culm leaves not well differentiated, 
at the base of the culm cataphyll-like, lacking a blade, at successive 
nodes the blade developing until at the apex fully developed foliage 
leaves are present. Nodes of mature culms not swollen, at mid-culm 
with one triangular central bud, subsidiary buds lacking; sheath scar 
horizontal; supranodal ridge not evident. Branching intravaginal, 
central bud rarely developing, but capable of rebranching. Foliage 
leaves 8-10 per complement; sheaths at most weakly carinate, 
pubescent between striae) the overlapping margin ciliolate; blades 
erect, stiff, 5.7-7 cm long, 0.7-0.9 cm wide, L:W=7.6-8.2, the adaxial 
surface glabrous, the abaxial surface glabrous, not tessellate, with 
midrib evident for the full length, of a particular greenish-yellow color, 
the apex coarsely setose, the tip blunt, the margins thick, cartilaginous, 
smooth, the base rounded-truncate; pseudopetiole distinct, 2-3 mm 
long; outer ligule a short, stiff, ciliolate rim; inner ligule truncate, to 1 
mm long. Inflorescence a narrow, congested, secund panicle 7-8 cm 
long, the subtending sheath well developed and more or less enclosing 
the inflorescence even at maturity, the sheath apparently eventually 
shredding and disintegrating; rachis complanate, one side flattened, 
the other angular, puberulent; branches reduced, appressed, arising 
only from the angular side of the rachis, angular, puberulent; pedicels 
1.5-6 mm long, angular, puberulent. Spikelets 7. 7-9.5 mm long, 
longitudinal axis of spikelets more or less perpendicular to the rachis. 
Glumes 2; glume I much less than 1/ 10 the spikelet length, scale-like, 
0.2-0.3 mm long, glabrous, nerves lacking; glume II much less than 
1/ 10 the spikelet length, scale-like, 0.3-0.4 mm long, glabrous, nerves 
lacking. Sterile lemmas 2; sterile lemma I 1/2-3/ 4 the spikelet length, 
narrowly triangular, 4.2-5.8 mm long, acute, abaxially pubescent near 
midnerve, adaxially pubescent below apex, marginally ciliate near 
apex, 1-nerved; sterile lemma II almost equalling the spikelet length, 
7-8.5 mm long, acute, abaxially pubescent near midnerve for the full 
length, adaxially pubescent below apex, marginally smooth, 3-nerved. 
Fertile lemma extending beyond palea, keeled, 7.6-9.2 mm long, 
apiculate, abaxially pubescent along midnerve for most of length, 
adaxially pubescent below apex, marginally ciliate near apex, 5- or 
7-nerved. Palea 2-keeled, sulcate only near apex, 7-7.9 mm long, acute 
but blunt, abaxially pubescent near apex, marginally ciliate near 
apex, 4-nerved. Lodicules unknown. Stamens unknown. Ovary 
glabrous. Fruit a caryopsis, glabrous, 3.3 mm long; embryo about 0.9 
mm long. 
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Type: PERU: Pasco, Oxapampa Prov.: trail to summit of Cordillera 
Yanachaga via Ri6 San Daniel (75° 27W, 10° 23'S) , 3350-3420 m, 12 Jul 
1984, Smith 7730 (Holotype: ISC; Isotypes: K, MO, US). 
This species is named for David N. Smith, who in association with 
the Missouri Botanical Garden has collected extensively for the Flora 
of Peru project, and who expended considerable effort in obtaining 
this collection. Chusquea smithii, known only from the type collection, 
is apparently an endemic from the southernmost limit of paramo. It is 
distinguished by its diminutive, usually unbranched culms, leaf blades 
with smooth margins, short, narrow, congested, secund panicles more 
or less enclosed by their subtending sheaths, and pubescent spikelets 
with much reduced glumes, narrow, triangular sterile lemma I, and 
lemma extending beyond the palea. 
Chusquea maclurei Clark, sp. nov. (Fig. 3) 
Culmi erecti, usque ad 2.5 cm diametro, 4-8 m alti. Folia 
culmorum 14-38.5 cm longa: vaginae persistentes, rectangulares, 7-
24.5 cm longae, 5.5-11 cm latae basi, 0.6-1.4-plo longior quam laminae, 
glabri; laminae persistentes, triangulares, apicibus subulatis, basibus 
cordatis, 7-17.6 cm longae, glabrae. Nodi ad culmum medium gemma 
centralis singularis triangularis subtenta a 4-10 gemmis parvioribus 
subaequantibus. Ramificatio intravaginalis. Folia 5-9 in complemento: 
laminae erectae, rigidae, apicibus setosis, basibus asymmetricis, 
rotundatis vel truncatis, 22-40 cm longae, 2-5 cm latae, superne 
glabrae, inferne glabrae, non tessellatae. lnflorescentia ignota. 
Rhizomes leptomorph, possibly amphimorph. Culms erect, often 
arching above, to 2.5 cm diam., 4-8 m tall. Internodes more or less 
terete, solid in younger parts, becoming fistulose, 17-26 cm long, 
smooth to scabrid on the upper half of each segment, covered over 
much of the surface with a thin, waxy exudate. Culm leaves usually 
extending to the next node or a little beyond, 14-38 cm long, the 
juncture of sheath and blade a more or less horizontal, abaxially 
obscure line; sheaths persistent, eventually shredding and disinte-
grating, more or less rectangular, flaring at base, 7-24 cm long, 5.5-11 
cm wide at base, 0.6-1.4 times as long as blade, abaxially smooth, 
scabrid toward base, pubescent at nodal line, adaxially smooth, shiny, 
the overlapping margin ciliate; blades erect, persistent, triangular, 7-
18 cm long, abaxially smooth, adaxially scabrid toward apex, the 
apex subulate, the base more or less cordate; girdle not developed; 
inner ligule usually irregular, to 2 cm long at its apex, otherwise 3-6 
mm long, ciliolate. Nodes of mature culms swollen, at mid-culm with 
one triangular central bud, subtended by 4-10 smaller subsidiary 
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F 'gure 3. Chusquea maclurei (Clark et al. 309) . A. Leafy branch complement. B. 
Culm leaf, adaxial view. C. Detail of foliage leaf sheath apex and blade 
base showing elongated inner ligule. D. Bud complement. Bars= 1 cm. 
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buds; sheath scar nearly horizontal; supranodal ridge prominent. 
Branching intravaginal, often appearing extravaginal as development 
proceeds due to branch proliferation; central bud developing after the 
subsidiary branches, the central branch robust and rebranching 
vigorously; all branches initially erect, sometimes becoming geniculate, 
17-27 branches present in the mature complement; leafy subsidiary 
branches not rebranching, to 49 cm long. Foliage leaves 5-9 per 
complement; sheaths carinate, glabrous, the overlapping margin 
ciliate; blades erect, stiff, 22-40 cm long, 2-5 cm wide, L:W=8-11, the 
adaxial surface glabrous, the abaxial surface glabrous, not tessellate, 
yellowish-green, the apex setose, the margins cartilaginous, scabrous, 
the base asymmetrical, one side rounded, the other truncate-rounded; 
pseudopetiole distinct, 3-7 mm long; outer ligule prominent, 1.5-4 mm 
long; inner ligule tapering and 1-7 cm long (rarely truncate and 3-5 
mm long), glabrous. Inflorescence unknown. 
Type: ECUADOR: Pichincha: old road between Quito and Santo 
Domingo, 60 km from Quito, 9. 7 km W of Chiriboga, western slope, 
2050 m, 27 Aug 1982, Clark, Calderon, & Asanza 309 (Holotype: ISC; 
Isotype: US). 
Other specimens examined: ECUADOR: CARCHI: 16 km from 
Maldonado on the road to Tulcan, 14 May 1980, Young 136 (MO, US); 
PICHINCHA: Santo Domingo-Quito road about 40 mi from Quito, 8 
Aug 1945, McClure 21399 (ISC, US); on the Quito-Saloya road, 21 Aug 
1945, McClure 21408 (ISC, US); on the farm of Maria Donoso, 11 km 
from the crossroads of Tandayapa on the road to Mindo, 11 Jan 1980, 
Young 51 (US). 
Although unknown in flowering condition, C. maclurei is clearly a 
distinct taxonomic entity within the genus. It is named in honor of 
the late Dr. Floyd A. McClure of the Smithsonian Institution, who first 
collected it, and who dedicated so much of his career to studying 
American bamboos. Chusquea maclurei is characterized by culm 
leaves with the cordate blade more or less equalling the sheath, large, 
wide foliage leaves and the long, tapering inner ligules. One population 
of this species (McClure 21408) has truncate, short inner ligules, but 
matches the type in all other respects. Branching at the mid-culm 
nodes is initially intravaginal in this species, but it may appear to be 
extravaginal as the central branch proliferates and subsidiary 
branches are pushed outward. In addition, branching at culm and 
branch tips is apparently extravaginal in one specimen, Young 136. 
Chusquea maclurei is restricted to Ecuador, where it grows in the 
cloud forest at elevations of 2050 to 2500 m. 
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Figure 4. Chusquea foliosa. A. Leaf complement, bar = 1 cm. B. Culm leaf, 
abaxial view, bar = 1 cm. C. Bud complement, bar = 1 cm. D. Spikelet, 
bar= lmm. E. Inflorescence, bar= 1 cm. (A based on Smith, Jr. 2970; 
B-C based on Clark & Clark 274; D-E based on Pohl & Clark 13915.) 
Chusquea aspera (Schunke 10178). F. Foliage leaf blade with sheath 
apex and inner ligule, bar = 1 cm. G. Branch complement, bar = 1 cm. 
H. Spikelet, bar = 1 mm. I. Primary branch of inflorescence, bar = 1 cm. 
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Chusquea aspera Clark, sp. nov. (Fig. 4f-i) 
Cul mi scandentes, usque ad 10-15 m longi. Folia culmorum 
asperatae; cingulum usque ad 4-5 mm latum. Ramificatio infra-
vaginalis, ramus centralis subtentus a 4-10 ramis parvioribus sub-
aequantibus. Folia 6-7 in complemento: vaginae glabrae; laminae 13.5-
23.5 cm longae, 2-3.2 cm latae, apicibus setosis, basibus attenuatis vel 
rotundatis-attenuatis, glabrae superne, glabrae inferne, inferme 
tessellatae; ligula interna rotundata, 2-7.5 mm longa. Injlorescentia 
plus minusve angusta, paniculata, 13-38 cm longa; rhachis sinuolata, 
complanata, scabra; rami ascendentes, flexiles, angulati, scabri. 
Spiculae 11-15.7 mm longae, scabrae. Glumae 2: gluma I 0.9-2 mm 
longa, enervis vel 1-nervis; gluma II 1.3-4 mm longa, subulata, enervis 
vel 3- vel 5-nervis. Lemmata sterilia 2: lemma sterile I 5.5-6.4 mm 
longum, subulatum, 5-, 7- vel 9-nerve; lemma sterile II 7.7-11.6 mm 
longum, subulatum, 7-, 9- vel 11-nerve. Lemma fertile 10.2-13.6 mm 
longum, 9-, 11- vel 13-nerve. Palea bicarinata, sulcata, 10-12.4 mm 
longa, acuta, 4-, 6- vel 8-nervis. 
Culms viny, clambering, up to 10-15 m long. Internodes terete, 
solid, scabrous. Culm leaves abaxially asperous; girdle developed, 4-5 
mm wide. Nodes not swollen, with one central branch subtended by 
4-10 subsidiary branches; sheath scar dipping below branch comple-
ment; supranodal ridge present as a dark line, but not prominent. 
Branching probably initially infravaginal, with the first developing 
subsidiary branches breaking through the girdle, and the central 
branch later rupturing the sheath base; subsidiary branches to 52 cm 
long, apparently not re branching. Foliage leaves 6-7 per complement; 
sheaths carinate, glabrous, the margins ciliate; blades 13-23 cm long, 
2-3.2 cm wide, L:W=6-8.3, the adaxial surface glabrous, the abaxial 
surface glabrous, weakly tessellate, the apex setose, the margins 
cartilaginous, scabrous, the base attenuate to rounded-attenuate, 
often slightly asymmetrical; pseudopetiole distinct, 1.5-6 mm long; 
outer ligule 1.5-2.5 mm long; inner ligule rounded, 2.5-7 mm long. 
Inflorescence a more or less narrow panicle to 13-38 cm long, just 
exserted from the subtending sheath; rachis slightly sinuate, flattened, 
one side rounded, the other ridged, glabrous, the angles scabrous; 
branches ascending but not strongly appressed, arising from the 
ridged side of the rachis only, slender, flexible, the lower ones to 15 
cm long, those near the apex to 1.5 cm long, angular, scabrous; 
pedicels 2-5 mm long, angular, scabrous. Spikelets 11-15. 7 mm long, 
scabrous. Glumes 2; glume I about 1/ 10 the spikelet length, 0.9-2 mm 
long, abaxially scabrid, apically ciliate, nerves lacking or 1-nerved; 
glume II up to 1/ 4 the spikelet length, 1.3-4 mm long, subulate, 
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abaxially scabrous, adaxially pubescent just below apex, marginally 
ciliate toward apex, 3- or 5-nerved. Sterile lemmas 2; sterile lemma I 
about 1/2 the spikelet length, 5.5-6.4 mm long, subulate, abaxially 
scabrous, adaxially pubescent just below apex, marginally ciliate 
toward apex, 5-, 7- or 9-nerved; sterile lemma II about 3/ 4 the 
spikelet length, 7. 7-11.6 mm long, subulate, abaxially scabrous, 
adaxially pubescent just below apex, marginally ciliate toward apex, 
7-, 9- or 11-nerved. Fertile lemma 10.2-13.6 mm long, subulate, 
abaxially scabrous, adaxially pubescent just below apex, marginally 
ciliate toward apex, 9-, 11- or 13-nerved. Palea 2-keeled, sulcate for 
the full length, 10-12.4 mm long, acute, abaxially scabrous, 4-, 6- or 
8-nerved. Lodicules 3; anterior pair 2 mm long; posterior lodicule 
narrower than the 2 anterior, 1.5 mm long; all apically ciliate. 
Stamens 3; anthers 6-8 mm long. Fruit unknown. 
Type: PERU: Huanuco: Leoncio Prado, Dist. Hermilio Valdizan, la 
cumbre de la Divisoria, 1600 m , 20 May 1978 (FL), Schunke V. 10178 
(Holotype: US; Isotypes: F, ISC, K, MO, SI, VEN). 
Other specimens examined: PERU: CAJAMARCA: Prov. 
Contumaza, Dist. Guzmango, Herilla, 5 Aug 1957 (FL) , Sagastegui 
2521 (NY); HUANUCO: Prov. Leoncio Prado, La Divisora, Cord. Azul 
near border with Ucayali, 10 Aug 1980 (FL), Gentry et al. 29577 (MO, US); 
Prov. Leoncio Prado, Dtto. Hermilio Valdizan, La Divisoria, road from 
Pumahuasi to la Cumbre, 26 Jun 1978 (FL), Plowman & Schunke V. 
7392 (US); HUANUCO/ LORETO border: Cordillera Azul, 38.2 km E of 
Tingo Maria on the highway to Pucalpa, 1979, Davidson 9321 (US). 
Chusquea aspera is known from a very few specimens from 
central and north central Peru, all of which lack good culm leaves. 
This species is characterized by its abaxially asperous culm leaves, 
foliage leaf blades with attenuate to rounded-attenuate bases, and 
large, scabrous spikelets. Its viny habit, branch complement, large 
foliage leaves and large inflorescences indicate that C. aspera is 
related to three other species, C. lanceolata Hitchcock, C. latifolia 
Clark, and C. serpens Clark (Clark, 1985). The branch complement in 
the type specimen consists of one central branch subtended by four 
subsidiary branches, similar to some specimens of C. latifolia. Other 
specimens show 5-10 subsidiary branches, these apparently having 
developed through rebranching. Without further collections it is 
impossible to determine whether the subsidiary branches are derived 
from two or possibly more subsidiary buds. Label data indicate that C. 
aspera has an altitudinal range of 1600 to 1760 m, with the one 
specimen from north central Peru occurring at 2800-3000 m, and is 
found in shady, humid montane forest. 
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Chusqueafoliosa Clark, sp. nov. (Fig. 4a-e) 
Culmi scandentes, 2-5 cm diametro basi, 3-20 m longi. Folia 
culmorum 13-31 cm longa: vaginae plus minusve persistentia, plus 
minusve rectangulares, latus factus basi, 10-25.4 cm longae, 4.5-13 cm 
latae basi, 1.5-8.5-plo longior quam lamina, laeves; laminae triangulares, 
basi angustior quam apicem vaginorum, 1.4-8 cm longae, abaxiales 
laeves, adaxiales pubescentes; cingulum plus minusve 
prominens, usque ad 5 mm longum, pubescens. Nodi ad culmum 
medium gemma centralis singularis triangularis subtenta a 50-80 
gemmis parvioribus subaequantibus. Ramificatio infravaginalis. Folia 
2-5 in complemento: vaginae plerumque glabrae; laminae apicibus 
plerumque setosis, basibus attenuatis-rotundatis, 9-39 cm longae, 0.3-
0. 7 cm latae, L:W= 15.5-45.5, glabrae vel pilosae inferne, non tessellatae; 
ligula interna rotundata vel rotundata-truncata, 0.7-1.5 mm longa. 
Inflorescentia plus minusve angusta, paniculata, 7-18 cm longa; 
rhachis plus minusve triquetra, glabra; rami appressi, angulati, glabri. 
Spiculae 8.8-11.8 mm longae. Glumae 2: gluma I 0.5-0.9 mm longa, 
glabra, enervis; gluma II 0.7-1.1 mm longa, glabra, enervis. Lemmata 
sterilia 2: lemma sterile I subulatum, 5-8.4 mm longum, 3- vel 5-nerve; 
lemma sterile II spiculam aequans, subulatum, 7.6-11 mm longum, 5-
vel 7-nerve. Lemma fertile apicem subulatus, 7.9-10 mm longum, 7-
nerve. Palea bicarinata, 7.4-9.1 mm longa, 4- vel 6-nervis. 
Culms clambering, 2-5 cm basal diameter, 3-20 m tall. Internodes 
more or less terete, somewhat flattened or shallowly sulcate above the 
central bud, 22-38 cm long, smooth to somewhat scabrid below the 
node. Culm leaves 13-31 cm long, stiff, juncture of the sheath and 
blade a horizontal, abaxially distinct line; sheaths more or less 
persistent, more or less rectangular, flaring at the base, more or less 
loosely wrapped around the culm, 10-25.4 cm long, 4.5-13 cm wide at 
base, 1.5-8.5 times as long as blade, abaxially and adaxially smoot h, 
shiny, the margins ciliate near apex; blades erect, usually persistent, 
triangular, 1.4-8 cm long, abaxially smooth, somewhat striate, adaxially 
pubescent, striate, the apex setose-subulate, the margins ciliolate, the 
base narrower than the apex of the sheath; girdle well developed, to 5 
mm wide, usually densely pubescent; inner ligule 1-3 mm long. Nodes 
of mature culms not noticeably swollen, at mid-culm with one 
triangular central bud subtended by numerous ( 50-80) smaller 
subequal subsidiary buds; sheath scar dipping markedly below 
bud/ branch complement; supranodal ridge evident but not prominent. 
Branching infravaginal, central bud developing tardily or not at all; 
leafy subsidiary branches not rebranching, 15-32 cm long. Foliage 
leaves 2-5 per complement; sheaths carinate, glabrous, the margins 
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ciliate near apex; blades 9-39 cm long, 0.3-0. 7 cm wide, L:W= 15-45, 
the adaxial surface glabrous, the abaxial surface usually pilose, not 
tessellate, the apex usually long setose , the margins slightly 
cartilaginous, scabrous, the base attenuat e-rounded; pseudopetiole 
more or less distinct, 1-2 mm long; outer ligule an irregular rim to 0.5 mm 
long, glabrous, stiff; inner ligule rounded to rounded-truncate, 0.7-1.5 mm 
long, abaxially glabrous to pubescent. Inflorescence a narrow panicle 
·7-18 cm long, not fully t o shortly exserted from the subtending 
sheath; rachis more or less triquetrous, the edges scabrous, glabrous; 
branches loosely appressed, angular, the edges scabrous, the lower 
ones 4-5 cm long; pedicels 1.5-5 mm long, angular, scabrous. Spikelets 
8.8-11.8 mm long. Glumes 2; glume I about 1/ 15 the spikelet length, 
0.5-0.9 mm long, apically acute but not pointed, glabrous, nerves 
lacking; glume II about 1/10 the spikelet length, 0.7-1.1 mm long, 
apically obtuse to acute, sometimes pointed, glabrous, nerves lacking. 
Sterile lemmas 2; sterile lemma I 2/ 3-3/ 4 the spikelet length, 5-8.4 mm 
long, apically subulate, abaxially scabrous, adaxially pubescent below 
apex, marginally ciliate near apex, 3- or 5-nerved; sterile lemma II 
extending the full spikelet length, 7.6-11 mm long, apically subulate, 
abaxially scabrous, adaxially pubescent below apex, marginally ciliate 
near apex, 5- or 7-nerved. Fertile lemma 7.9-10 mm long, apically 
subulate, abaxially scabrid, adaxially pubescent below apex, marginally 
ciliate near apex, 7-nerved. Palea 2-keeled, sulcate toward apex, 
7.4-9.l mm long, apiculate, abaxially scabrous, adaxially and abaxially 
pubescent near apex, marginally ciliate near apex, 4- or 6-nerved. 
Lodicules 3; 1-1.4 mm long, apically ciliate, pubescent. Stamens 3; 
anthers 2.3-4.1 mm long. Ovary 1.3 mm long. Fruit unknown. 
Type: COSTA RICA: Cartago: Km 79-80 along the Carretera 
Interamericana, S of El Empalme, 2900 m, 29 May 1980 (FL), Pohl & 
Clark 13915 (Holotype: ISC). 
Other specimens examined: COSTA RICA: ALAJUELA: Parque 
Nacional Volcan Poas, small dirt road below gatekeeper's hut, 28 Feb 
1982, Clark & Clark 276 (ISC, MO, US); just outside Parque Nacional 
Volcan Poas, 13 May 1978, Fisher #R347 (US); CARTAGO: canyon at 
boundary of Parque Nacional de Volcan Irazu, Km 25, 1 Aug 1982, 
Pohl & Clark 14122 (ISC); S slope of Volcan Turrialba, 102 km E of 
Hacienda Central, 8 Aug 1968, Pohl & Davidse 10867 (ISC); 3.6 km 
NW of La Georgina, 16 Dec 1978 (FL), Pohl & Gabel 13734 (ISC, MO); 
Villa Mills, along CIA, opposite N entrada to Villa Mills, 1 km E of La 
Georgina, 26 Dec 1974 (FL), Pohl & Lucas 13101 (F, ISC, MO, NY); 
behind the La Georgina at Villa Mills, Cerro de la Muerte, 8 Aug 1967, 
Smith 2970 (ISC); PUNTARENAS: Cordillera de Talamanca, upper 
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slopes of Cerro Echandi, 23 Aug 1983, Davidse et al. 23999 (ISC, MO); 
SAN JOSE: about 25 km N of San Isidro del General along Inter-
american Highway, 18 Nov 1975, Burger & Baker 10169 (F, ISC, MO); 
along CIA between Km 77 & 78, 27 Feb 1982, Clark & Clark 274 (ISC, 
MO, US); Km 107, ca 20 km N of San Isidro del General along CIA, 23 
Jul 1966, Davidse 761 (ISC); Villa Mills, in a canyon, 50 m N of Villa 
Mills school, 1 Nov 1982 (FL), Pohl 14186 (ISC); CIA, Km 68, 12 Apr 
1966, Pohl & Calderon 9805 (ISC); Km 92-93 along CIA, S of La 
Georgina, 29 May 1980 (FL), Pohl & Clark 13916 (ISC); Villa Mills, S of 
La Georgina, 15 Dec 1978 (FL), Pohl & Gabel 13725 (ISC, MO); 4 km 
by road S of La Georgina, 30 Dec 1974, Pohl & Lucas 13112 (F, ISC); 
1 km W of El Empalme on road to Jardin, 11 Jun 1976, Pohl & Pinette 
13214 (F, MO); Cerro de las Vueltas, 29 Dec 1925/1 Jan 1926 (FL), 
Standley & Valerio 43904 (US). 
Chusquea foliosa is common along the Cordillera de Talamanca 
of Costa Rica, and further collections may show that it also extends 
into northern Panama. This is a cloud forest species, ranging from 
2200 to 3100 m in elevation, and often forming extensive colonies. The 
numerous leafy subsidiary branches at the nodes are distinctive, 
appearing as tufts of leaves along the culm (hence the specific 
epithet). Chusquea foliosa, in addition to the numerous (50-80) 
branches per node, is characterized by having infravaginal branching, 
abaxially smooth culm leaf sheaths with pubescent girdles, narrow, 
abaxially usually pilose foliage leaves with long setose apices, 
appressed inflorescence branches, and spikelets with sterile lemma II 
extending the full length of the spikelet. This species has previously 
been referred to as Chusquea "talamancae" (Pohl, 1982, 1983), and 
Pohl ( 1980) cited some specimens of this species under C. longifolia 
Swallen. 
Vegetatively, C. foliosa is very similar to C. patens Clark, to which 
it is closely related. Chusquea patens differs in having more erect 
culms, fewer subsidiary branches per node, abaxially scabrous to 
pilose culm leaf sheaths with glabrous to slightly pubescent girdles, 
and somewhat wider, abaxially usually glabrous foliage leaves with 
short setose apices. Chusquea patens also usually occurs at lower 
elevations (11 70-2450 m). However, these two species may be 
distinguished with certainty only from flowering material, in which 
the strongly spreading inflorescence branches of C. patens contrast 
sharply with the appressed branches in C. foliosa. Both of these 






Figure 5. Chusquea patens. A. Culm leaf, abaxial view, bar = 1 cm. B. Leaf 
complement, bar = 1 cm. C. Spikelet, bar = 1 mm. D. Bud complement, 
bar= 1 cm. E. Inflorescence, bar= 1 cm. (A based on Clark et al. 282; 
B based on Pohl & Lucas 1.'2999; C-E based on Pohl & Clark 14109.) 
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Chusquea patens Clark, sp. nov. (Fig. 5) 
Culmi erecti basi, arcuati superne, usque ad 4 cm diametro basi, 
2-10 m longi. Folia culmorum 18-40.5 cm longa: vaginae persistentia, 
plus minusve rectangulares, latus factus basi, 12-35 cm longae, 5-7 cm 
latae basi, 1.5-7-plo longior quam lamina, abaxiales scabrae vel 
pilosae superne; laminae triangulares, basi angustior quam apicem 
vaginarum, 5-11.6 cm longae, abaxiales scabridae, adaxiales scabrae-
pubescentes; cingulum plus minusve prominens, usque ad 3-4 mm 
longum, glabrum vel saepe pubescens. Nodi ad culmum medium 
gemma centralis singularis triangularis subtenta a 24-65 gemmis 
parvioribus subaequantibus. Ramificatio infravaginalis. Folia 2-5 in 
complemento: vaginae plerumque brevi-setosis, basibus attenuatis vel 
attenuatis-rotundatis, 8.5-31.2 cm longae, 0.4-0.9 cm latae, L:W=18-48, 
glabrae vel pilosae, non tessellatae; ligula interna truncata vel 
rotundata, 0.5-4 mm longa. Inflorescentia aperta, paniculata, 6-1 7 cm 
longa; rhachis plus minusve triquetra, glabra; rami patentes, angulati, 
glabri. Spiculae 6.9-11.2 mm longae. Glumae 2: gluma I 0.6-0.9 mm 
longa, glabra, enervis vel 1-nerve; gluma II 0.7-1.2 mm longa, glabra, 
enervis vel 1-nerve. Lemmata sterilia 2: lemma sterile I apiculatum-
subulatum, 3.1-6.6 mm longum, 3-, 5-, vel 7-nerve; lemma sterile II 
apicem apiculatum-subulatum, spiculam non aequans, 5-8.8 mm 
longum, 5- vel 7-nerve. Lemma fertile subulatum, 6.9-10.3 mm longum, 
7- vel 9-nerve. Palea bicarinata, 6.5-8.7 mm longa, 4- vel 6-nervis. 
Culms erect at base, arching above, to 4 cm basal diameter, 2-10 m 
tall. Internodes more or les terete, often flattened to shallowly sulcate 
above the central bud, 13.5-17 cm long, smooth to somewhat scabrid 
below the node. Culm leaves 18-40 cm long, ·stiff, the juncture of 
sheath and blade an irregular, more or less horizontal abaxially 
distinct line; sheaths persistent, more or less rectangular, flaring at 
base, 12-35 cm long, 5-7 cm wide at base, 1.5-7 times as long as blade, 
abaxially scabrous or pilose on the upper half, glabrous and smooth 
or pubescent on the lower half, adaxially smooth, shiny, the margins 
ciliolate near apex; blades erect, persistent, triangular, 5-12 cm long, 
abaxially scabrid, adaxially scabrous-pubescent, striate, the apex 
subulate, the margins smooth, the base narrower than the apex of the 
sheath; girdle well developed, 3-4 mm wide, glabrous to lightly 
pubescent; inner ligule 2-4 mm long. Nodes of mature culms slightly 
swollen, at mid-culm with one triangular bud subtended by numerous 
(24-65) smaller subequal subsidiary buds; sheath scar dipping 
markedly below bud/ branch complement; supranodal ridge evident. 
Branching infravaginal, central bud developing tardily or not at all; 
leafy subsidiary branches not rebranching, 16-32 cm long. Foliage 
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leaves 2-5 per complement; sheaths carinate, glabrous, the margins 
ciliate near apex; blades 8.5-31.2 cm long, 0.4-0.9 cm wide, L:W=I8-48, 
the adaxial surface glabrous, the abaxial surface usually glabrous, 
sometimes pilose, not tessellate, the apex usually short setose, the 
margins slightly cartilaginous, scabrous, the base attenuate to 
attenuate-rounded; pseudopetiole more or less distinct, I-1.5 mm 
long; outer ligule an irregular, ciliolate rim 0.2-0.8 mm long; inner 
ligule truncate to rounded, 0.5-4 mm long, usually abaxially pubescent. 
Inflorescence an open panicle 6- I 7 cm long, usually fully exserted 
from the subtending sheath; rachis more or less triquetrous, glabrous, 
the edges scabrous; branches strongly spreading, sometimes reflexed 
>90° from the rachis, angulair with scabrous edges, the lower 
branches 4-5 cm long; pulvini well developed at base of branches, 
pubescent; pedicels 3-10 mm long, angular, pubescent. Spikelets 6.9-
11.2 mm long. Glumes 2; glume I up to 1/10 the spikelet length, 0.6-0.9 
mm long, apically acute but not pointed, glabrous, I-nerved or nerves 
lacking; gl ume II up to 1/ 10 the spike let length, 0. 7-1.2 mm long, 
apically obtuse to acute, not pointed, glabrous, I-nerved or nerves 
lacking. Sterile lemmas 2; sterile lemma I 1/2-5/ 8 the spikelet length, 
3. I-6.6 mm long, apiculate-subulate, abaxially and adaxially pubescent 
just below apex, marginally ciliate near apex, 3-, 5- or 7-nerved; sterile 
lemma II 3/ 4 the spikelet length, 5-8.8 mm long, apiculate-subulate, 
abaxially pubescent, adaxially pubescent below apex, marginally 
ciliate near apex, 5- or 7-nerved. Fertile lemma 6.9-10.3 mm long, 
subulate, abaxially and adaxially pubescent just below apex, 
marginally ciliate near apex, 7- oir 9-nerved. Palea 2-keeled, the upper 
half sulcate, 6.5-8. 7 mm long, apiculate, abaxially pubescent near 
apex, otherwise scabrous, 4- or 6- nerved. Lodicules 3, l. I-1.5 mm long, 
apically ciliate. Stamens 3; anthers 4.I-4.7 mm long. Ovary glabrous. 
Fruit unknown. 
Type: COSTA RICA: Heredia: side road N of road to Alto del 
Roble, just at entrance to pass, 2030 m, 28 Jul 1982 (FL), Pohl & 
Clark 14109 (Holotype: ISC). 
Other specimens examined: COSTA RICA: ALAJUELA: Bajo La 
Paz, 5 km NW of La Paz, I 5 Dec I 984, Pohl & Clark 14578 (ISC); 
HEREDIA: Alto del Roble, along Hi6 Vueltas (upper Ri6 Patria), 4 Mar 
I982, Clark et al. 282 (ISC, MO, US); Alto del Roble, 30 Dec I984 (FL), 
Pohl & Clark 14599 (ISC); Alto del Roble, Ri6 Las Vueltas, 8 Dec I 97 4, 
Pohl & Lucas 12999 (ISC); Alto del Roble, near Rio Las Vueltas, I I km 
NNE of Heredia, Hy. I I3, 30 May I973, Pohl & Selva 12810A (F, ISC); 
Monte de la Cruz, above Finca Monte Cristo, 2 Aug I982 (FL), Todzia 
& Moran 2040 (NY); LIMON: Valle de Silencio, 8 Sep I984 (FL), 
SPECIES OF CHUSQUEA 121 
Davidse et al. 28658 (CR, ISC, K, MO, US); PUNTARENAS: Monte 
Verde Forest Reserve, Chomogo-Ri6 trail, 3 Jan 1985, Pohl & Clark 
14609 (ISC); Monte Verde, 20 Jun 1976, Pohl & Pinette 13248 (F, 
ISC); heavily wooded slopes above Monte Verde, Sierra de Tilaran, 8 
May 1971 (FL), Wilbur 14254 (ISC); SAN JOSE: Cascajal, 1919 (FL) , 
Lankester 105 (F, ISC, US); Parque Nacional Braulio Carillo, at Park 
entrance sign, 19 Dec 1984, Pohl & Clark 14585 (ISC); wild canyon of 
Rio Cascajal, N of Cascajal, 19 Dec 1984 (FL), Pohl & Clark 14586 
(ISC); Parque Nacional Braulio Carillo, along new road to Guapiles, ca 
1 km S of tunnel, 23 Dec 1984 (FL), Pohl & Clark 14591 (ISC); road 
NE of Cascajal, 22 Dec 1974, Pohl & Lucas 13089 (F, ISC). PANAMA: 
CHIRIQUI: 5.5 km NW of Ri6 Chiriqu1 Viejo, W of Cerro Punta, 27 Feb 
1973 (FL), Busey 690 (US); vicinity of Las Nubes, 2.7 mi NW of Ri6 
Chiriqu1 Viejo W of Cerro Punta, 27 Feb 1973 (FL), Croat 22377 (US); 
on Chiriqu1 trail, cloud forest between Quebrada Hondo and Divide, 
20 Apr 1968 (FL), Kirkbride & Duke 923 (NY). 
Chusquea patens is a cloud forest bamboo occurring in Costa 
Rica and northern Panama at elevations of 1170 to 2200(-2450) m. It 
is characterized by its infravaginal branching, abaxially scabrous to 
pilose culm leaf sheaths, open panicle, and spikelets with sterile 
lemma II extending about 3/ 4 the spikelet length. Chusquea patens 
and C. foliosa are morphologically very similar in vegetative condition 
and may be distinguished with certainty only from flowering material 
(see discussion under C. foliosa). Chusquea patens was identified as 
C. meyeriana Ruprecht ex Doell by Pohl (1980, 1982, 1983). Chusquea 
patens is closely related to both C. foliosa and C. longifolia. 
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ECOLOGICAL DETERMINANTS 
OF AGRARIAN PROTEST1 
Curtis W. Stofferahn and Peter F. Korsching2 
123-141 
ABSTRACT. Agrarian protest movements are considered as a collective response 
by a farm population to adverse physical, environmental, and economic condi-
tions, with the greatest adverse impact upon farmers specializing in an econom-
ically depressed commodity. Focus is on the emergence of the National Farmers 
Organization (NFO) in Iowa in 1956. A core group of counties in southwestern 
Iowa is compared with the other western counties and with the state as a whole 
on difference in rainfall deficiency and commodity specialization in corn and 
livestock. The analysis lends support to the model that states that, in a farm 
population, negative physical environmental and economic factors operate through 
commodity specialization to generate agrarian protest. 
Index descriptors: agrarian protest movements, human ecology. 
INTRODUCTION 
Even a cursory overview of the political and social history of the 
United States reveals that class movements advocating social change 
and change in the control of economic institutions and processes 
have regularly occurred in the agrarian sector of society. To under-
stand these agrarian social movements and American radicalism, it is 
necessary to study the conditions that generate the movements and 
the factors leading to their success or failure: 
Morrison and Hundley (1970) have stated that research is needed 
to determine the economic, social, and political conditions that 
constitute the structural strains generating agrarian movements. In 
particular they have asked what crises and precipitating events are 
necessary to initiate a movement and whether such crises occur more 
often in certain types or scales of farming or where certain tenure, 
ethnic, or ecological patterns prevail. 
A variety of crises or precipitating events of agrarian protest 
movements have been identified. These include relative deprivation 
(Morrison and Steeves, 1967), rural dass relations associated with 
1Journal Paper No. J-10101 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, IA 50011. Project No. 2409. 
2Research Associate and Associate Professor, respectively, Department of Sociol-
ogy and Anthropology, Iowa State University, Ames, IA 50011. 
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alternative forms of agricultural organization (Stinchcombe, 1961), 
the effect of the world market and capitalism on the middle peasant 
(Wolf, 1969), and the relationship of both cultivators and noncultiva-
tors to the factors of agricultural production (Paige, 1975). 
While researchers have examined the economic, social, and 
political conditions that initiate agrarian movements, they generally 
have not included the ecological or environmental factors. This 
neglect sterns in part from mainstream sociologists' emphasis on anti-
reductionisrn and their taboo against geographical determinism (Dun-
lap and Catton, 1979). Although historians have recognized the 
environmental conditions that paralleled the emergence of agrarian 
protest movements (C. W. Stofferahn and P. F. Korsching, presented 
paper, Midwest Sociological Society, 1980), with few exceptions 
(Lipset, 1950; Lundberg, 1927) , sociologists have not posited any 
relationship with environmental .factors. 
The purpose of this paper is to examine the environmental, 
social, economic, and political conditions under which the National 
Farmers Organization emerged. Lipset's (1950) environmental perspec-
tive will be placed within the framework of the human ecological 
complex (Duncan, 1959; Duncan and Schnore, 1959; Micklin, 1973). 
This focuses the analysis upon the collective adaptation of a popula-
tion to adverse environmental conditions rather than individual 
response to a crisis. 
THEORETIC.AL ORIENTATION 
Sociological human ecology is the study of man's social inter-
action in adjusting and competing for access to the material environ-
ment. This adaptation to the environment is achieved, first of all, 
through complex cooperative a,rrangements (organizations) which 
develop within populations. As with other areas of sociology, the 
primary focus for ecologists is the general problem of social organiza-
tion. Human ecology, however, maintains a distinction in the impor-
tant role it assigns to the population and its environment. Ecologists 
make some assumptions about organization relative to environment 
and population (Hawley, 1968) .. One is that a given population is 
viewed holistically and, therefore, organization is a population property 
and not simply the interactions of a collectivity of individuals. Thus, 
analysis focuses upon populations, not collections of individuals. A 
second assumption is that the organization emerges through con-
tinuous interaction between a population and its environment. Thus, 
both variables must be considered in examining organization, with a 
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further implication that adaptation is a process occurring through 
time and space (Hawley, 1968). 
In addition to organizations, adaptation to the environment also 
is achieved through adaptive mechanisms: those socially organized 
activities through which collectivities are able to influence the 
remaining components of the ecosystem. The engineering, regulatory, 
and distributive adaptive mechanisms (Micklin, 1973) will be used in 
this paper. 
The following four variables are the basic parameters of ecolog-
ical investigation as defined by the ecosystem or ecological complex 
outline by Duncan (1959) , Duncan and Schnore (1959), and Micklin 
(1973): 
1. The population or the spatially delineated aggregate of human 
individuals doing the adjusting. 
2. The environment or all those aspects that influence the possibil-
ities and conditions of life by impinging upon the human 
organism either in isolation or as a collectivity. 
3. The organization or, " ... the broad general term used to refer to 
the complex of functional interrelationships by which men live" 
(Hawley, 1950). 
4. The adaptive mechanisms "by which a population and/ or environ-
mental components are maintained, controlled or manipulated, 
resulting in an alteration in survival potential for a system" 
(Micklin, 1973). 
The general proposition of this paper is that the emergence of 
agrarian protest movements among farm populations is a collective 
response to adverse ecological conditions. A model will now be 
developed specifying the interrelationships among the ecosystem 
variables. 
Physical Environment 
For a farm population, important aspects of the environment are 
the soil and climate. Little research exists relating such environ-
mental conditions to agrarian protest movements, probably because 
of a tendency of sociologists to avoid reductionist theories such as 
geographic determinism. One study, however, which included the 
environment as an explanatory factor in behavior, was conducted by 
Lundberg ( 1927). Therein, two radical and two conservative counties 
in North Dakota and Minnesota were compared with respect to their 
demographic and economic conditions. These counties were selected on 
the basis of their support of, or opposition to, the farmers' organization 
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known as the Non-Partisan League in the elections of 1916, 1918, 
1920, 1922, and 1924. In comparing the physical environments, the 
authors found that in the radical counties soil type and rainfall were 
less favorable to intensive agriculture and, " . . . these factors were 
undoubtedly of vast fundamental importance in determining the 
derivative social conditons . . . immediately responsible for political 
behavior of a certain type" (Lundberg, 1927). Before we accuse 
Lundberg of geographic determinism we should consider a further 
conclusion of his research. "The most striking fact in the comparison 
of the radical and the conservative counties with respect to their 
economic conditions is the uniformly inferior economic circumstances 
and prosperity in the radical counties" (Lundberg, 1927). 
Economic Environment 
A second component of the immediate environment relevant to 
our research is economic conditions. The economic environment is 
allocated over time by distributive adaptive mechanisms: those " ... 
collective processes that result in the relocation of components of an 
ecological system in social and/ or physical space" (Micklin, 1973). Of 
particular importance here is how the environment itself is redistrib-
uted when produced goods are exchanged and consumed. The 
economic environment can be redistributed to the detriment of a 
population. This adverse economic redistribution becomes part of the 
environment to which a population reacts. 
In their analysis of agrarian political behavior, Campbell et al. 
(1964) found that farmer political behavior is variable and econom-
ically sensitive. They found a very strong relationship between price 
patterns that the farmer had experienced before 1956 and the 
partisan direction of his presidential vote in that year. They con-
cluded that, when farmers do engage in political activity, it is due to 
their economic sensitivity and insecurity. This explains, they continue, 
the third-party movements of the nineteenth century and their 
unique transient nature. Once farmers secure economic relief, the 
political base disappears, and the revolt is ended. 
The farmer appears to respond to his economic situa-
tion, with little reference to the manner in which others in 
the same occupational category are faring. Since prices and 
hence economic situations are tied to specific crops, eco-
nomic winds frequently blow in several directions at once 
across rural America, leading to a variegated response. The 
''farm revolt," if represented by any gross unidirectional shift 
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in farm partisanship, is likely to come about only when 
economic difficulty faces a large proportion of farmers at 
once (Campbell et al., 1964). 
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Taylor's (1949) reflections of agrarian protest movements basically 
concur with these findings. He hypothesized a consistent relationship 
between activity peaks in farmers' movements and depressions in 
farm commodity prices (Taylor, 1949). 
The allocation of distributive adaptive mechanisms is further 
impacted by regulatory adaptive mechanisms or "those processes that 
serve to guide action toward the realization of societal values as 
expressed via the political processes" (Micklin, 1973). For a farm 
population, these regulatory mechanisms may take various forms 
including price supports, loan rates, acreage allotments, tax and 
monetary policies, and import and export policies. The effect of these 
regulatory mechanisms becomes expressed in the prices farmers 
receive for their production. The state may aggravate the economic 
difficulties facing a farm population, through regulatory policies 
which decrease the price of crops. 
Specialized Farm Population 
The adverse physical and environmental conditions are especially 
detrimental to a farm population specializing in only one type of crop 
or livestock production. Such specialization is encouraged by tech-
nology or engineering adaptive mechanisms. These mechanisms include 
the" ... creative processes and discoveries of scientific activity as well 
as application of material technology developed from such activity" 
(Micklin, 1973). Level of technology generally is considered to be the 
enabling factor operating between a population and its environment. 
Improvement in technology enables a population to improve the 
efficiency of its sustenance activities and to shape its productive 
activity as an adaptation to its environment. 
One of these technological improvements toward more efficient 
production and adaption to the environment has been specialization 
in a single crop. General farming was still common in the Middle West 
in 1950.3 But as early as 1900 there was a definite tendency toward 
specialized farming suited to the climate and soil of the region 
(Saloutos and Hicks, 1951). 
3General farming was defined by the census as no one source of income 
representing so much as 40 percent of the total value of products of the farm 
(Saloutos and Hicks, 1951). 
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Although specialization embodies certain efficiencies and thus 
leads to higher profits during times of economic prosperity, adverse 
economic and climatic conditions may have a more severe impact on 
specialized farming operations because of a lack of income-generating 
alternatives. Thus, farming populations in which specialization predom-
inates are more likely to suffer the effects of adverse environmental 
conditions and, in turn, are more likely to respond in some collective 
manner. "Whenever any significant number of owner-operators are 
threatened with dispossession from their lands, desperation and 
revolt are likely to flare up in the farming districts" (Smith and Zopf, 
1970). 
Lipset (1950) attached significance to effects of distributive, 
regulatory, and engineering mechanisms on specialized farm popula-
tions in developing agrarian protest in studying that the Cooperative 
Commonwealth Federation of Saskatchewan, said further that: 
The agrarian revolt became significant . . . when 
western wheatbelt farmers had to resort to various collec-
tivists schemes to alleviate the coercions of a growing 
monopoly capitalism. Once settled on their raw new farms 
and deeply in debt to bankers for equipment, the farmers 
whole existence rested precariously on the weather and the 
world price of wheat (Lipset, 1950). 
He further said that: 
... a clue, therefore, to understanding the continued unrest 
on the Canadian prairies lies in the perpetuation of an 
extremely unstable agricultural economy. The Prairie Prov-
inces of Canada still depend on the frontier cash crop, 
wheat. Saskatchewan has never been able to develop a 
mature, stable economy, whether industrially or agricul-
turally .... The implications of this fact for the continuation 
of organized unrest can easily be seen ... in the fluctua-
tions in yield and price of wheat from year to year ... It is 
the "Boom or Bust" character of wheat production which 
unhinges life's plans (Lipset, 1950). 
This led to Lipset's hypothesis that the insecurity involved in the 
reliance on a single crop (wheat in frontier conditions) is an 
important factor in generating farm movements.4 
4Similar conditions existed for the pioneer wheat farmers in the United States. 
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THE NATIONAL FARMERS ORGANIZATION 
The nature of prevailing conditions at the time of the emergence 
of the National Farmers Organization (NFO) support this theory. NFO 
had its beginnings in September of the drought year 1955 in 
southwestern Iowa.5 Beef cattle and hog production had reached 
cyclical peaks that year, and market prices went into an alarming 
slump. The continued pinch of the cost-price squeeze coupled with 
poor crop prospects painted a dismal future for many farmers 
(Brandsberg, 1964). 
Farmers in southwest Iowa were dissatisfied with the Farm 
Bureau, which they felt represented the interests of agribusiness and 
which opposed federal price supports. Neither the Farmers Union nor 
the Grange, both favoring price supports, was strong in Iowa. As a 
result, southwest Iowa farmers felt that the time was ripe for the 
organization of a new farm movement to represent "their" interests, 
and indeed, early reported membership figures were phenomenal. By 
the end of January 1956, 71,000 national members were claimed and, 
two months later, 140,000 national members (Brandsberg, 1964). 
Brandsberg (1964) described the environmental conditions that 
existed in the areas in which the NFO was organized: 
Crops were hit worst in the areas of southwestern 
Iowa and northwestern Missouri, where the movement had 
its greatest strides at the outset. Iowa's corn crop forecast 
was revised downward on September 1 to 43 bushels per 
acre, the lowest since 194 7. Iowa pastures were reported in 
the poorest condition since 1936, all because of dry heat 
waves during August 1955. In Nebraska, drought shrivelled 
corn prospects by 30 bushels per acre to 15.5 bushels by 
September 1. The prior estimate had been made on June 1. 
Livestock prices also were down. Top prices on fat steers at 
Omaha had ranged from $30 to $40 per hundredweight during the 
first half of the decade and were $35 in February of 1955. By August, 
the top had slipped to $23.50, and it closed out the year at $22.50. Hog 
prices at Omaha in 1955 topped at $22.50 in June before dropping to 
$12 per hundredweight in December (Bransberg, 1964). These prices. 
show how drastic the decline was. The drop was enough to erase any 
profit and spell additional losses for many farmers. 
5Agricultural college specialists advised farmers to chop what was left of their 
corn for silage. In July, hot dry weather plagued the western corn belt with no sign 
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The original NFO goal of organizing farmers to send one of their 
own, or as many as needed, to Washington to get favorable legislation 
was not very successful. Price supports for 1956 were to be reduc~d 
significantly by the Eisenhower Administration, but the NFO claimed 
the pressure it exerted undoubtedly was the cause of the restoration 
to the previous price support levels (Brandsberg, 1964) 
THEORETICAL MODEL 
The general framework of the ecosystem components can be used 
to delineate specific relationships among the variables to build a 
model for the emergence of agrarian protest movements. Actual 
precipitating factors of the movements are the short-term fluctua-
tions that strain normal adaptive capabilities. These may be physical 
conditions such as drought, blight, frost, or other natural phenomena 
that negatively affect agricultural production. They may be economic 
conditions such as a depressed market, increased cost of inputs, or 
inability to move products to market. More often than not, they are 
some combination of both. The model in Figure 1 has been con-
structed from the foregoing theoretical development to establish 
specific relationships among the variables. This model states that 
agrarian protest movements are a response by a farm population to 
adverse environmental and economic conditions. Since adverse eco-
nomic conditions often tend to be commodity-specific, however, the 
greatest effects would be felt by specialized farmers, particularly those 
specializing in an economically depressed commodity. Farmers special-
izing in . other commodities and general farmers would not be as 
severely affected and would not be as prone to organization. 
METHODS 
According to Brands berg ( 1964 ), the major initial strength of the 
NFO was in the southwestern corner of Iowa. Although he does not 
name specific counties, personal communications with informants 
knowledgeable in NFO history indicate that Adams County and the 
contiguous surrounding counties were early NFO strongholds (Gauthier, 
Kozishek, Woodland, telephone interviews, 1980). In general, the 
western tier of counties also had more NFO supporters than the 
central and eastern areas. 
The research design is based upon the assumption that the 
historical and informant accounts were accurate. The state is divided 
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Figure 2. Weather reporting divisions, analytical areas, and urban counties. 
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of the early NFO movement. These areas follow the boundaries of 
Weather Reporting Divisions of the National Weather Service. Two 
counties, Union and Ringgold, actually overlap in an adjacent Weather 
Reporting Division but are included in the central core because of the 
historical and informational data. As shown in Figure 2, the three 
delineated areas are: ( 1) the central core of Adams County and the 
seven contiguous surrounding counties, (2) the remaining counties in 
the Southwest Division plus the West Central and Northwest Divisions, 
and (3) the rest of the state. The sets of counties in these three 
analytical areas are the units of analysis used in this paper. 
MEASUREMENT OF VARIABLES 
Physical Environment 
As noted earlier, the Midwest was experiencing a severe drought 
in 1955. This would have had a severe impact upon cash-grain 
farmers and livestock producers. Therefore, the physical environment 
is measured in terms of departure from normal total precipitation for 
the growing season, April through September, by county (Table 1 ). 
Economic Environment 
Economic environment refers to the prices farmers are paid for 
their commodities. Although prices paid for a specific commodity 
generally would be a constant at any given time for the counties of a 
state, prices would vary across commodities. Differential change in 
prices across commodities would be particularly relevant in examin-
ing farmer unrest and discontent within certain production sectors 
and geographic areas. The measure to be used for the economic 
conditions is relative change in constant prices over a four year 
period in Iowa's two major commodities in 1955, cash grain (or more 
specifically, corn), and livestock (or more specifically, hogs and beef). 
The four year period was chosen to coincide with the national 
presidential elections for reasons to be explained later. 
Specialized Farm Population 
Specialized farm population is defined as the degree to which 
farmers depend upon one single commodity for most of their income. 
Commodities of specific interest here are livestock and cash grain. 
The 1954 Census of Agriculture (U.S. Department of Commerce, 1955) 
provides information on the number of farms per county that derive 
over half of their income from one single commodity. Therefore, 
specialization is measured in terms of the percentage of farms within 
Table 1. Mean departure from average normal rainfall; mean percent general farms and farms 
specializing in cash grain and livestock; mean percent change in vote cast for the Democratic 
party, 1952-1956; and mean percent 20 years or older by geographic area. 
1952-1956 
Change In Percent 
Generalh Cash Grainh Livestockh Votec 20 or 
Rainfall a Farms Specialization Specialization (percent) Olde rd 
NFO Core -6. 78e u e 10.5e 69e 10.0e 28 
(N=8) 
West -6.32e 14e 29.0f 52f 8.5e 27 
(N=25) 
State -4.12f 15e 19.0g 54£ 6.8£ 27 
(N=49) 
aUnited States Department of Commerce. 1955. Weather Bureau climatological data: Iowa. Vol. 66, No. 13. Asheville , 
NC. 
hUnited States Department of Commerce. 1955. United States census of agriculture: Iowa. Vol. 1, Pt. 9. U.S. 
Government Printing Office, Washington, DC. 
cOffice of the Secretary of the State. 1952 and 1956. Census of the vote, general election 1952 and 1956. Des Moines, IA. 
dUnited States Department of Commerce. 1952. Census of the population: 1950, Iowa. Vol. II, Pt. 15. Bureau of the Census, 
U.S. Government Printing Office, Washington, DC. 
r,g,hTwo means followed by the same letter are not significantly different at the .05 level. 
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a county that obtain the majority of their income from either livestock 
or cash grain. The percentage of general farms in each area is 
included for comparison. 
Agrarian Protest Movements 
Ideally, the method for measuring agrarian protest, and especially 
a specific agrarian protest movement, would be with changes in 
membership figures over time. Unfortunately, such figures for the 
NFO are not currently available in any form. 6 A surrogate measure is 
necessary that has a reasonable epistemic correlation with agrarian 
protest in general and the NFO in particular. The results of the 
presidential elections of 1952 and 1956 provide such a surrogate 
measure; specifically, change in percentage of the population that 
voted Democrat between 1952 and 1956 (Office of the Secretary of 
State, 1952, 1956). 
Farmers in the Midwest have traditionally voted Republican. Even 
during severe economic conditions such as existed in 1956, the farm 
population voted for then incumbent Eisenhower (Adams, 1961). 
Thus, little change should be expected in the percentage of the vote 
cast for Eisenhower between 1952 and 1956. The NFO was specifically 
organized, however, as a political force to obtain favorable legislation 
from Washington. One hundred percent of parity was sought at a time 
when the Eisenhower Administration was planning significantly t o 
reduce price supports (Brandsberg, 1964). Because the NFO was a 
politically-oriented organization, whose members felt their needs were 
not being met by the incumbent administration, there would be a 
greater tendency for farmers in counties of NFO strength to vote for 
the opposing party. 
Indeed, the NFO endorsed many candidates, mostly Democrats, 
for the 1957 elections. Advisor to the NFO, Dan Turner, ex-governor 
and former manager of Eisenhower's 1952 Iowa Campaign, announced 
he was supporting Stevenson for President in 1956 (F. 0. Leuthold 
and J. R. Hundley. Presented paper, Rural Sociological Meeting, 1963) . 
The percentage of farm population of voting age for each area is 
almost the same. Therefore, the farm-nonfarm difference in voting 
preference can be eliminated as an influencing factor. These statistics 
lend validity to the use of election results for the dependent variable, 
agrarian protest. The percentages of farm population of voting age 
are presented in Table 1. 
6NFO has a policy not to release membership figures. 
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ANALYSIS 
Analysis began with computing the percentage of rural farm 
population for each county. The frequency distribution indicated a 
natural break between 23 and 29 percent. Seventeen counties had less 
than 24 percent rural-farm population in 1950. These counties are 
those that the 1950 Census of Population characterized as standard 
metropolitan statistical areas in 1950. To remove confounding factors, 
these 17 counties (shown in Figure 2) were not included in the 
analysis. For the remaining 82 counties, data were assembled by 
analytic area, and a mean was computed for each variable. The sets of 
counties within the subject areas became the units of analysis. The 
means for the variables . in the three analytic areas were tested for 
significant differences (Table 1 ). The one-way analysis of variance 
revealed that the means for each variable were significantly different 
in each area. The paired combinations for each variable were also 
tested for equality of variance so that the pooled variance T-test could 
be used to detect significant differences on a variable among the 
areas. All but two of t he ratios of population variances were 
significantly less than one. The calculated F values of the ratios of the 
population variances were sufficiently close to the values of the 
tabulated F values as to permit the use of the pooled variance 
estimates. 7 
Some general patterns of support for the ecological model may be 
discerned. The data in Table 1 support the historical references to a 
drought during the growing season in 1955. There is an increase in 
rainfall deficiency going from the state to the non-core west to the 
NFO core. Although the difference between the NFO core and the 
non-core west is not significant, the NFO core/ state and the non-core 
west/ state differences are highly significant. This lends support to a 
relationship between areas of the NFO strength and the severity of 
the drought. 
The indicators for the economic conditions are not so amenable 
to interpretation. As mentioned, percentage changes in prices paid for 
corn and livestock are in themselves constant for all counties at a 
given time. Historical references, however, have alluded to the fact 
7Fixed effects one-way ANOVA assumes a random sample, normal distribution of 
the dependent variable in each population and equality of variance of the 
dependent variable. ANOVA is sufficiently robust to permit moderate departures 
from the basic assumptions. The only assumption which is violated is the 
independence of the observations as the samples are not randomly selected. A 
comparison of the sample means when the population variance is not treated as 
equal also revealed that the variance ratios were significantly less than one. 
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that the early NFO had a more specific basis in livestock rather than 
cash grain (Wood, 1961). This is supported by Table 1, which indicates 
higher specialization in livestock and lower specialization in cash 
grain in the core than in the two other areas. Thus, change in 
livestock prices would be more germane to the NFO counties than to 
the other counties. Indeed, between 1952 and 1956 (USDA, 1952, 
1956), livestock had a 47 percent drop in average standardized prices 
from $24.99 to $13.26 per cwt., whereas corn had only a 26 percent 
drop from $1.84 to $1.36 per bu.8 
These data fit the model for the NFO core and for the state but 
not for the non-core west as an area of intermediate NFO strength. 
The cash-grain specialization is much higher in the non-core west 
than in either of the other two areas, and the livestock specialization 
is just below the state level. The differences are all significant except 
for the non-core west/ state livestock comparison. The percentage of 
general farms is higher in the non-core west and the state than in the 
core areas, but the difference is not significant. 
Percentage change in Democratic vote, the dependent variable, 
reveals the hypothesized directions, although the NFO core/ non-core 
west difference is not large enough to be significant. The NFO 
core/ state and the non-core west/ state differences are significant. 
Results are somewhat ambiguous when three areas are used 
based upon a gradient assumption of declining NFO strength going 
from the NFO core to the non-core west to the state. There is, 
however, a definite discernable difference between the NFO core and 
the rest of the state. To examine this difference, the counties of the 
non-core west and the state are combined and compared with the 
NFO core. Table 2 shows that a significant difference indeed exists for 
rainfall deficiency, general farms, cash grain and livestock specializa-
tion, and vote change. These significant differences between the NFO 
core and the state lend support to the proposed model. 
DISCUSSION AND CONCLUSION 
What do these results indicate about the proposed model for 
agrarian protest movements? No direct attempt was made in the 
analysis to test causality. This conservative analysis was dictated by 
the measurement of the dependent variable. Actual membership 
figures were not available. Change in Democratic vote between 1952 
8 1952 was also a low year for both corn and livestock prices. Therefore, the 1956 
prices are on the extreme. 
Table 2. Mean departure from average normal rainfall; mean percent farms specializing in cash grain 
and livestock; and mean percent change in vote cast for the Democratic party, 1952-1956, for 
the Core and state. 
1952-1956 
Change In 
General Cash Grainh Livestockh Votec 
RainfaW Farm sh Special iza ti on Specialization (percent) 
NFO Core 6.78d 10.8d 10.5d 69d 10.0d 
(N=8) 
State 4.86e 14.8d 22.4e 53e 7.4e 
(N=74) 
aUnited States Department of Commerce. 1955. Weather Bureau climatological data: Iowa. Vol. 66, No. 13. Asheville, 
NC. 
bUnited States Department of Commerce. 1955. United States census of agriculture, 1954: Iowa. Vol. 1, Pt. 9. U.S. 
Government Printing Office, Washington, DC. 
cOffice of the Secretary of the State. 1952 and 1956. Census of the vote, general election 1952 and 1956. Des Moines, IA. 
d,eTwo means followed by the same letter are not significantly different at the .05 level. 
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and 1956, therefore, was used as a surrogate measure. From historical 
information and informants, the general areas of NFO strength were 
identified, and the change in Democratic vote corresponded with 
these areas. Going beyond general areas, however, to individual 
counties without additional information would be making unrealistic 
assumptions. 
Given that causality was not tested, the data still supported the 
ecological model, particularly in comparing the NFO core to the state. 
Relative to the physical environment, although the entire state was 
suffering from a drought, the NFO core had a significantly greater 
negative departure from normal than the rest of the state. Eco-
nomically, both cash grain and livestock prices were depressed, but 
the livestock prices were more depressed than cash-grain prices. 
Adverse physical and economic environment factors combined with a 
specialized farm population had the hypothesized effect. Because the 
NFO core had a much higher degree of specialization in livestock than 
did the rest of the state, the negative environmental effect of less 
rainfall and depressed livestock prices were compounded for that 
area. On the other hand, the effect was not as severe for the rest of 
the state because there was more rainfall and the cash-grain prices 
were at least proportionately better. Thus, there is support for the 
model that, in a farm population, negative physical and economic 
factors can operate through enterprise specialization to generate 
agrarian protest. 
Although the proposed ecological model also may have weak-
nesses, sociohistorical analyses of other agrarian protest movements 
have shown relationships similar to those found in this research 
among environmental factors, enterprise specialization, and agrarian 
protest (C. W. Stofferahn and P. F. Korsching. Presented paper, 
Midwest Sociological Society, 1980). The close relationship between 
environmental factors and agrarian protest should not be unexpected. 
The utility of the ecosystem model for analyzing social behavior is 
that it explicitly includes physical environmental factors when those 
factors are appropriate. Most other theoretical approaches either 
implicitly assume that the conditions of the physical environment are 
constants or that they have no perceivable or theoretically relevant 
impact upon behavior. This may seem a narrow approach in studying 
the social behavior of populations so closely tied to and dependent 
upon the vagaries of the physical environment. Human ecology and 
the ecosystem model can provide us with new insights into the 
explanation of social phenomenon such as agrarian protest move-
ments. 
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COMPARATIVE FEEDING ABILITY OF SMALL WHITE 
AND BLACK CRAPPIE IN TURBID WATER 
Robin L. Barefield and Charles D. Ziebell 1 
ABSTRACT. Many fishery biologists have suggested from empirical observations 
that white crappie (Pomoxis annularis) are dominant over black crappie 
(Pomoxis nigromaculatus) in turbid lakes and reservoirs, but the cause of this 
phenomenon has not been documented. Turbid water reduces the reactive 
distance at which fish can locate prey. We suspected that differences in feeding 
ability might occur between the two species of small (100-150 mm) crappie in 
turbid water. In experiments designed to test comparative ability of the two 
crappies to detect and ingest Daphnia pulex under conditions of 80 and 160 
Nepholometer Turbidity units (NTU), there were no significant differences. If 
turbidity does adversely affect black crappie, the limitation seems not likely 
related to a disparity between small crappie of the two species with respect to 
prey detection and ingestion. 
Index descriptors: fish , white crappie (Pomoxis annularis), black crappie 
(Pomoxis nigromaculatus) , turbidity, comparative feeding ability, laboratory 
experiments. 
INTRODUCTION 
Since the late 1950s, fishery biologists have suggested that white 
crappie, Pomoxis annularis, are more successful than black crappie, 
Pomoxis nigromaculatus, in turbid waters (Hall et al., 1954; Buck, 
1956; Neal, 1963; Goodson, 1966), but there has been no explanation 
why two such closely related species should differ in their ability to 
live under turbid conditions. 
Survival of juvenile fish is necessary to produce strong year 
classes for the fishery. Both white and black crappie under 150 mm 
primarily eat zooplankton (Keast, 1968; Mathur and Robbins, 1979; 
O'Brien et al., 1984), and since turbid water inhibits the distance at 
which fish can locate prey (Wright and O'Brien, 1984), it is possible a 
difference in feeding ability will allow one species of crappie to 
dominate in turbid water. The purpose of our experiment, then, was 
1Graduate Research Assistant and Assistant Leader, respectively, Arizona Coopera-
tive Fishery Research Unit, The University of Arizona, Tucson, AZ 85721. The Unit 
is jointly supported by The University of Arizona, the Arizona Game and Fish 
Department, and the U. S. Fish and Wildlife Service. 
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to determine if small white crappie are more efficient than small 
black crappie at feeding on zooplankton under identical conditions 
of turbidity. 
METHODS 
Black crappies were from a relatively clear pond near Fort 
Collins, Colorado, and white crappies were from a pond at Hartley 
Fish Farms of Kingman, Kansas. All fish were flown to The University 
of Arizona and allowed to acclimate to laboratory conditions for four 
weeks prior to testing. The size range of the fish was 100-150 mm. 
Turbi~ water, with extremely fine natural clay particles, was 
collected from a small pond north of Tucson, Arizona. The pond water 
was chlorinated to kill potential pathogens prior to being used in 
experiments. Turbidity was measured with a Hach Model 2100A 
Turbidimeter to within ± 0.5 Nepholometer Turbidity Units (NTU). 
The turbidity of the pond water was 160 NTU, the highest level used 
in the tests. Dilutions for 80 and 40 NTU were made with clear 
dechlorinated tap water. Clay particles were kept in suspension by 
bubbling air at both ends of the test aquarium. 
Daphnia pulex were cultured in a small pond (2.2 X 2.2 X 1 m) 
adjacent to the laboratory for use as prey in the feeding experiments. 
Yeast was added to the pond daily to sustain a large population. 
Feeding experiments were done in an aquarium (1.8 X 0.6 X 0.3 m) 
containing 0.25 m3 of water. The aquarium was located in an 
observation chamber, 4 X 1.5 m, surrounded by black polyethylene 
with a small observation window. Light intensity was kept constant 
(about 80 lux) by placing a single row of 40 watt fluorescent bulbs 
approximately 50 cm above the water (Wright and O'Brien, 1984). 
Five crappie of one species were selected at random from the 
holding tank, placed in the test aquarium, and allowed to adjust to 
experimental conditions for a minimum of four hours. The fish were 
not fed for 24 hours prior to experiments. Daphnia in the size range 
of 2.0-2.5 mm were measured volumetrically and added to the test 
aquarium at a density of five organisms/ liter. More Daphnia were 
added than the fish could consume in each test (1,255 ± 4 7). After 
the Daphnia were introduced, the fish were allowed to feed for ten 
minutes. Then the fish were caught and their stomachs flushed with 
water to remove all Daphnia. The flush bottle consisted of a 500-ml 
squeeze bottle with a teflon tube (3.5 mm diameter, 25 cm long) 
attached to the spout. The Daphnia from each fish were then 
counted. This procedure was repeated three times at each turbidity 
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Table 1. Mean number of Daphnia pu"lex ingested by individual 
black crappie and white crappie at high turbidity levels. 
(The pooled Standard Error, derived from the Error Mean 











level for both fish species. The same group of fish used in the test at 
80 NTU were tested at 160 NTU, but the individual fish were exposed 
only once to each turbidity level. After each fish had its stomach 
flushed, a period of at least ten days elapsed before the fish was used 
again. 
A two-way analysis of variance (ANOVA), with the feeding rates 
for individual fish treated as data points, was used to test for 
differences between species at different levels of turbidity. 
RESULTS AND DISCUSSION 
Preliminary tests started at 40 NTU were 7 NTU above the 
turbidity level at which Wright and O'Brien (1984) found marked 
reductions in reactive distance of white crappie. After several trials, 
our results showed virtually no difference in feeding ability between 
the two species. Consequently, the turbidity level was increased to 80 
NTU. 
Tests at 80 and 160 NTU showed no significant difference 
(P > 0.05) in the feeding rates of black and white crappie (Table 1). 
The feeding rates of both species were significantly reduced (P < 0.05) 
when turbidity was elevated from 80 to 160 NTU. This reduction was 
37% for black crappie and 30% for white crappie. 
Our data are somewhat comparable to the results of a field study 
by Ellison (1984) who found very little difference existed in the 
feeding habits of both species of crappie at lengths up to 150 mm at 
65 NTU. Ellison's estimated feeding rates, based on percent of food 
weight/ body weight, indicated that both species of crappies in the size 
range of 125-150 mm fed similarly. 
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Although the results of our experiments do not indicate that 
black crappies are as successful as white crappies at living and 
reproducing in turbid waters, the data do show that both species in 
the length range of 100-150 mm have similar abilities to capture and 
ingest 2.0-2.5 mm Daphnia within the turbidity range tested. There-
fore, no evidence is provided that feeding dominance of white crappie 
over black crappie occurs as a consequence of water turbidity. 
Since white crappie shift their diet to fish when they reach a size 
range of 180-200 mm in the field (Ellison, 1984), a difference in ability 
to capture the large prey may be the key to purported better survival 
of white crappie in turbid waters. Additional experiments are needed 
under controlled conditions to determine if this truly occurs. 
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FIRST REPORT OF THE GULF COAST TICK, 
AMBLYOMM4. M4.CULATUMKOCH IN IOWA 
147-148 
Index Descriptors: Amblyomma maculatum, Gulf Coast tick, Iowa intro-
duction. 
In the past the Gulf Coast tick, Amblyomma maculatum Koch, 
has primarily been known within 160-240 km (100-150 mi.) of coastal 
south Atlantic regions and the Gulf Coast, from South Carolina to 
Texas (Bishopp and Hixson, 1936; Gladney et al., 1977). Semtner and 
Hair ( 1973) were the first to report the establishment of the species 
outside of what was considered its usual range, in northeastern 
Oklahoma and southeastern Kansas. There are now several records 
from more northern and western localities beyond the presumed 
range. Although many of these lack full supporting data or are known 
introductions on livestock from southern coastal areas, some are fully 
documented and appear to be natural occurrences representing 
either isolated introductions or established populations (Goddard 
and Norment, 1983; Snoddy and Cooney, 1984; Wiedl, 1981). It is 
becoming evident the Gulf Coast tick has a distribution either greater 
than previously thought or is extending its range northward. 
The Gulf Coast tick is reported from Iowa for the first time. A 
single, slightly engorged female was collected from a dog at Cushing, 
Woodbury Co., on 13 October 1979, by C. M. Goodburn and at Okoboji, 
Dickinson Co., on 31August1985, by G. Munns. The two localities, 112 
km (70 mi.) apart in northwestern Iowa, are the northernmost yet 
reported in the midwest. Inquiry of both collectors indicated the hosts 
had never been out of the county, and, therefore, the ticks could not 
have been picked up farther south and brought back as frequently 
has happened when southern species of ticks are found on dogs 
farther north. The immature stages occur on birds and probably were 
transported northward while feeding on migrating birds. They then 
dropped off, eventually molted to adults, and attached to the dogs in 
Iowa. 
As an adult A. maculatum readily attacks humans and medium-
to-large-sized mammals, especially cattle and deer. Other domestic 
animals frequently reported as hosts are dogs, horses, pigs, and sheep 
(Bishopp and Trembley, 1945). The adults prefer attaching to the ears 
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of livestock, causing tissue damage and predisposing them to secondary 
infection. If the species were to become established in Iowa, it could 
be a serious pest of many wild and domestic animals. At the present, 
however, it is considered only an isolated introduction. 
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Gradwohl, David and Nancy Osborn. 1984. Exploring Buried Buxton. 
Iowa State University Press. Ames, IA. Cloth (ISBN-0-8138-0244-0) 
$19.95. 
Exploring Buried Buxton by David Gradwohl and Nancy Osborn 
of the Anthropology Department at Iowa State University documents 
the archaeological and historical exploration of an abandoned coal 
mining community. Founded as a company town by the Consolidated 
Coal Company in 1900, Buxton once flourished in northern Monroe 
County about twenty miles west of Ottumwa, Iowa. Few visible 
evidences of the community remain. 
Buxton was unlike most midwestern mining settlements which 
were little more than temporary camps. Instead, it was a platted 
community possessing residences, businesses, commercial enterprises, 
craft establishments, professions, churches, schools, and voluntary 
organizations such as the YMCA. A predominately Afro-American 
population with a Euro-American minority resided in the town. 
Unlike most Afro-Americans, this majority did not suffer the dis-
crimination escalating in many early twentieth-century communities. 
Indeed, the Afro-Americans filled many positions of economic leader-
ship and evidently participated in all community activities. After the 
Consolidated Coal Company moved its operations in the 1920s, its 
population was forced to go elsewhere. The abandoned townsite was 
quickly reclaimed by the farming community. 
Gradwohl and Osborn outline the archaeological methodology 
employed in the reconnaissance surface survey of the townsite and 
the excavation of individual sites. They then describe the artifacts 
located during excavation. While this separation of data according to 
the reconnaissance survey, excavation, and artifact analysis clearly 
delineates the archaeological method, it does not facilitate the 
understanding of each site. The authors then consider facets of the 
sociocultural system including Buxton's economy, household and 
domestic activities, transportation and utilities, recreation, and reli-
gious institutions. Their final conclusions deal mainly with Buxton's 
place as an Afro-American utopian community in the early twentieth 
century. 
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The contributions of a book must be judged according to the 
purposes for which it is written and the audience for whom it is 
created. Gradwohl and Osborn communicate their ideas to a non-
professional audience in a non-jargonistic, informative, and enter-
taining fashion. But they also include data and conclusions invaluable 
to a professional audience. 
The general aim of this work is to "reconstruct more fully the 
history of Buxton, Iowa-its peoples, cultures, and contributions" 
(p. 6). The Afro-American culture has been poorly documented by archaeol-
ogists in the Mid and Far West. The authors also attempt to examine 
interethnic relationships, presumably meaning the Swedish popula-
tion at Buxton, the regional coal mining indust ry, and the urban and 
industrial pattern present in a rural setting. These are indeed rather 
broadly stated goals which, however, are clarified with more specific 
questions throughout the text. For example, the authors wish to 
explore the location of streets, houses, businesses, and dumps, the 
percentage of the Afro-American population present in Buxton, the 
level of discrimination, and questions concerning the sociocultural 
systems such as household and domestic activities, transportation, 
recreation, and the like (p. 5). This is a rather large order, and the 
results are uneven. 
While the authors' desire to present a "personalized past" through 
statements by former Buxton residents somewhat acquaints the 
reader with its inhabitants, a clear comprehension of the community's 
sociocultural development is frustrated. The study was "part of an 
ongoing process in which individuals and groups identify in the 
present by references to their shared experiences of the past" rather 
than "a pursuit of esoteric knowledge and the objective combination 
of documentary studies, oral history, and archaeology" (p. 12). But 
the failure to properly combine these sources prevents the authors 
from accomplishing their stated goals and is perhaps the greatest 
shortcoming of the work. Also, while personal accounts taken from 
oral tradition are potentially insightful, they are scattered among 
lengthy descriptions of archaeological techniques and findings. These 
statements are often left to speak for themselves without analysis. 
Much of the inability to combine archaeological conclusions, 
personalized accounts, and documentary evidences and to present 
overall conclusions about the sociocultural development of Buxton 
arises from the very difficult task of integrating data produced by 
scholars in several or more disciplines. Often, as when archaeologists 
and historians collaborate to produce a study, the final outcome is 
archaeology and history-not historical archaeology. Neither set of 
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data can be intrinsically independent. Therefore, historical archaeology 
is not the filling of gaps or supplementing one set of data with the 
other (seep. 6); it is a complementary process. Incongruencies in one 
form, whether it be archaeological, written, pictorial, or oral, find 
resolution in the study of other forms of data. Thus, the historian 
must understand the discipline of archaeology, and vice versa. 
Without such training, the pursuit of knowledge during such projects 
becomes understandably frustrated and piecemeal. 
Jam es Deetz in his book In Small Things Forgotten contends that 
artifacts provide the most objective data for the understanding of 
sociocultural development. However, he neglects to emphasize that 
comprehension of these objects in part derives from complementary 
data available from other sources (see Deetz p . 186). Artifacts do not 
speak for themselves even when familiar to our own culture. Each 
piece of data must be interpreted in the context of other sources. 
Th us, doing historical archaeology not only involves cross-checking 
one kind of data with another (see Deetz pp. 165-67), but also viewing 
an event from several or many different angles through different 
kinds of sources. Then the events gain more meaning within a larger 
historical context. 
The incompatibilities between archaeological and historical methods 
are apparent when considering the broader historical context of 
Buxton. Clearly, the original historians did not provide the necessary 
setting (Gradwohl, personal communication, 1985). Without corrob-
oration and a mutual understanding of the two fields , scholars part 
company as was the case here or something less than historical 
archaeology results. Without it, data and interpretations lose holistic 
significance, and conclusions become too personalized. 
This review has no doubt placed too much emphasis upon the 
difficulties encountered through the interdisciplinary study of Buxton. 
Because the improper coordination of historical and archaeological 
resources plagues the field of historical archaeology, I have chosen to 
perhaps unjustly stress this shortcoming in Exploring Buried Buxton. 
It is time professional archaeologists and historians recognized the 
unique challenge offered by the study of this resource. 
Gradwohl and Osborn contribute to the documentation of an 
important Afro-American mining community, a site placed on the 
National Register in 1983. Few other Afro-American communities 
have received such scholarly attention. The authors present impor-
tant, although scattered, insights into the Afro-American adjustment 
to living within a community comparatively, although not wholly, free 
from racial discrimination. They present the reader with personal 
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perspectives upon this adjustment in Buxton through the inclusion of 
oral statements. And while they describe several important aspects of 
Buxton's lifestyle, many more remain for exploration through the 
complementary study of historical and archaeological information. 
Joyce McKay 
Consulting Historical Archaeologist 
Belleville, Wisconsin 
